PB89-103691
EPA-450/3-88-008

MOL.20010730.0381

CONTROL OF OPEN FUGITIVE DUST SOURCES

FINAL REPORT

by

C. Cowherd, G. E. Muleski, and J. S. Kinsey
Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri 64110

EPA Contract No. 68-02-4395
Work Assignment 14
MRI Project 8985-14

i

William L. Elmore, Project Officer
Emission Standards Division

Office of Air Quality Plamning and Standards
U. S. Environmental Protection Agency
Research Triangle Park, North Carolina

September 1988

SEPRODUCED 8Y
NATIONAL TECHNICAL
INFORMATION SERVICE

US. DEPARTMENT OF COMMERCE
SPRINGFIELD. VA. 22181

£

— oo— —— = T T

Qg
=



This report has been reviewed by the Emission Standards Division of the Office of Air Quality Planning and
Standards. EPA. and approved for publication. Mention of trade names or commercial progucts 1s not
\ntended to constitute endorsement or recommendation for use. Copies of this report are available througn
the Library Services Office (MD-35), U.S. Environmental Protection Agency. Research Triangle Park NC
27711, or from National Technical information Services. 5285 Port Roval, Springfield VA 22161.

-l\



SECTION 1.0

SECTION 2.0

SECTION 3.0.

TABLE OF CONTENTS

INTRODUCTION...c..... ceeeeees cecsccane cecosecscsansnas

1.1 CONTROL OPTIONS....cevereesoconncanne. fenean ceeen
1.2 SCOPE OF THE DOCUMENT....eeeuereanneoconacennnnes
PAVED ROADS...ccecvccsccccccacananans cececesctsnnnens
2.1 PUBLIC PAVED ROADS..... ceeeneetenneerarernenaenns

2.1.2 Demonstrated Control Techniques for
Pub]ic Paved Roads....,...'....‘. ........

2.2 INDUSTRIAL PAVED ROADS.cccecoccccccacccocoscscsese
2.2.1 Estimation of EMiSSiONS.ecececccecccncenas
2.2.2 Demonstrated Control Techniques for

Industr1a1 Paved RoadS..ccccces cesscccens

2.3 EVALUATION OF ALTERNATIVE CONTROL MEASURES.......
2.3.1 Preventive MeasureS....cceeeecececconccces
2.3.1.1 Salting/Sanding for Snow and Ice

2.3.1.2 Carryout from Unpaved Areas and
. Construction Sites.......c.....
. 2.3.1.3 Other Preventive Control Measures
2.3.2 Mitigative MeASUTeS.eeeneneneonnnanns ceve
2.3.2.1 Broom Sweeping of RoadS..........
2.3.2.2 Vacuum Sweeping of RoadS.........
2.3.2.3 Water Flushing of RoadS..........

2.4 EXAMPLE DUST CONTROL PLAN..cccceveee.. cececcccans

2.5 'POTENTIAL REGULATORY FORMATS.cevececocccoone cocosee
2.5.1 General GUideTineS...ceececcccaceese cocoes
2.5.2 Etxample SIP Language for Reduction of

Public Paved Road Surface Contaminants..

2.6 REFERENCES FOR SECTION 2uuuueunnnnnnnnennnnnnnn..
UNPAVED ROADS. « e veeeennnnenneennnnns. teeeeneeeennnnn
3.1 ESTIMATION OF EMISSIONS FROM UNPAVED ROADS.......

.3.2 DEMONSTRATED CONTROL TECHNIQUES FOR UNPAVED ROADS

Preceding pagé blank

Page
1-1
1-1
1-3
2-1

2-3
2-4

2-6

2-10
2-10

2-11

2-11
2-11
2-14

2-16
2-17
2-17
2-18
2-22
2-25

2-28

2-29
2-29

2-32
2-35




SECTION 4.0

3.3

3.4

3.5
3.6

TABLE OF CONTENTS (continued)

EVALUATION OF ALTERNATIVE CONTROL MEASURES.......
3.3.1 Source Extent ReductionS....cceecece. vecaee
3.3.2 Surface ImprovementS....ccecececcccccncccas
3.3.2.1 PavinQeececececccvceccecccccccons .
3.3.2.2 Gravel/Slag Improvements........ .
3.3.2.3 Vegetative Cover....cccecececenee
3.3.3 Surface TreatmentS.cceececcecececccncnoaces
3.3.3.1 Wateringeeceecceccecececcecenoces
3.3.3.2 Chemical Treatments.,.ccccceeee..

EXAMPLE DUST CONTROL PLAN..ccceeceneen cecssccsane
3.4.1 Example Water PrograM...ccccecececcccccces
3.4.2 Example Chemical Dust Suppressant Program
POTENTIAL REGULATORY FORMATS...cueeneeecornncnnns

REFERENCES FOR SECTION 3...ccieriennnncnncnccaanns

STDRAGE PILES...'...........I........... ..............

4.1

4.2
4.3

4.4

4.5
4.6

ESTIMATION OF EMISSIONS.cecveeenccnane ceccesnenns
4.1.1 Materials Hand1ing...eeeeecececancaccaccas
4.1.2 Wind ErosiON.cceicecceccecceccssacccaccans
. 4.1.2.1 Emissions and Correction
Parameters...cc.ceeceecescccccens
4.1.2.2 Predictive Emission Factor

: EQUAtioN.eeeeececenceccccanenes

4.1.3 Hind]Emissions From Continuously Active
PileSeecceccsssccnceccncccnes teesescccce

DEMONSTRATED CONTROL TECHNIQUES...cececceccccaces
EVALUATION OF ALTERNATIVE CONTROL MEASURES.......
4.3.1 Chemical Stabilization..... sevrescssceccans
4.3.2 ENCIOSUTES.cccetccccececravacnaccanse ceacee
4.3.3 Wet Suppression Systems..... ecececnsceasse

EXAMPLE DUST CONTROL PLAN--WATERING OF COAL
STORAGE PILE..euscuenecncanennns eeeereeeanaens

POTENTIAL REGULATORY FORMATS...ccucceeecnnececonnn
REFERENCES FOR SECTION 4....ccccvnceneecnnnecanns

vi

3-29
4-1

4-1
4-3




TABLE OF CONTENTS (continued)

SECTION 5.0 CONSTRUCTION AND DEMOLITION ACTIVITIES...eeceeeecconn.
5.1 ESTIMATION OF EMISSIONS.....‘ oooooooooooo eesccsecne

5.1.1 Construction EmissSions...eceeeeeeccennann.
5.1.2 Demolition EMiSSionNS...ceeeeeeecccecennn..
.1.2.1 Dismemberment........cceveeeen...
«1.2.3 Debris Loading....c.ccoeveeeeennn.
.1.2.4 Onsite Truck TraffiCe...ceeeu....

5.1.2.5 Pushing Operations..... cececcenas
5.1.3 Mud/Dirt Carryout Emissions....... eeeseese

ovon

5.2 DEMONSTRATED CONTROL TECHNIQUES..... ceteeccccacas

5.2.1 Hork Practice COﬂtr01S.....a....... oooooo .
5.2.2 Traditional Control Technology............

5.3 EVALUATION OF ALTERNATIVE CONTROL MEASURES.......

5.3.1 Watering of Unpaved Surfaces..............
5.3.1.1 Control Efficiency........ cecoses
5.3.1.2 Control CostS...cccee... cesscsene
5.3.1.3 Enforcement ISSueS.......oc......

5.3.2 Wet Suppression for Materials Storage

and Handling..eeeeeeeeeoccecceennnen cees
5.3.2.1 Control Efficiency.ceccececeee...
5.3. Control CostS..ceiieeeeennnnnnn.. .

Enforcement IssueS...c...... eeese

Wind Screens or Fences...........

Control EffiCiencyeeeceeeccee.. .o

Control CoStS.eeeeeeeenennceecens

o
gop

NN
(1]

5.3.3

oo

¢ o o O

Wt w
.

L]
-ow!»w

-
-ds &

5.3.4° Control Technology...eeeeeceeeen..
Control EfficienCyececeeecceceans

Control CoSTSeeuenceeececeanannn.

("=

L]
oy .bhh

.
NN -3 W

5.3.5 of Mud/Dirt Carryott....eceeeoen..
Control Efficiency....... cecssces
. Control CostS.e..cevuernnnnnnn..,

.3 Enforcement IssueS.eeecnnnanaes.

.
WWw I W W
. .

oMo tInnoonm
Ld

(9]
n

5.4 EXAMPLE DUST CONTROL PLAN....ovuenvennnnnnnnnnnnn.

5.5 POTENTIAL REGULATORY FORMATS......evevenvnnnn.. .o
5.5.1 Permit SysteM.u.ceeeeeeieeeenenennnnonnn..

vii

©
'u' lg'
— m

RS
Wwrn N

U'IC'JIU'IUI
(S J0 - - ¥ Y

oo
W~

U\‘.anl
WO O O



SECTION 6.0

B

SECTION 7.0

TABLE OF CONTENTS (continued)

5.5.4 € RUTBececncconcescsnnsoncosncnccses
1 Conditions for Construction......
2 Control Mud/Dirt Carryout...c.c...

.3 Control of Haul Road Emissions...
4 Stabilize Soils at Work Sites....
§ Record Control Application.......
6 Modification of Permit

ProvisionS.ececcececeacecccccas
5.6 REFERENCES FOR SECTION S5.ccececececssencccncccnes
OPEN AREA “IND EROSION........O....‘. .................

6.1 ESTIMATION OF EMISSIONS......c... cecssccae coccccnas
6.1.1 *“Limited" Erosion Potential...... .........
6.1.2 "Unlimited® Erosion Potential....cecccecees

6.2 DEMONSTRATED CONTROL TECHNIQUES........ ..........

6.3 EVALUATION OF ALTERNATIVE CONTROL MEASURES.......
6.3.1 Chemical Stabilization.ceeceecceecaes ceces
6.3.2 Wind Fences/Barriers....... teassesesenonas
6.3.3 Vegetative Cover..cccesececvcccacesccccnns
6.3.4 Limited Irrigation of Barren F1e1d........

6.4 EXAMPLE DUST CONTROL PLAN--COVERING UNPAVED
PARKING LOT WITH LESS ERODIBILE SURFACE
MATERIAL....... cecseccccasccs tecsscececancccsss

6.5 POTENTIAL REGULATORY FORMATS....ccecceccccocaccnen
6.6 REFERENCES FOR SECTION 6...cccvvvrnnnnecnnnananenn

7.1 ESTIMATION OF EMISSIONS...cceeeccceecsnscnccccnss
7.1.1 Ti11iNGeecececcccccacccccccocccacaccnsonns
7.1.2 Wind EroSioN.e.ceeceececcccosescceaccnanane

7.1.2.1 Simplified Version of Nlnd
Erosion Equation..ccececeeeen..

7.1.2.2 New Wind Erosion Prediction
Techn0TogYeeeeeeecoceccccncanes

7.2 DEMONSTRATED CONTROL TECHNIQUES.....eeeeeeennnn..

7.2.1 Ti1lingeceseeess eesscsecncessenane cececcns
7.2.2 Wind Er0STONeccececeececrcncccacscaanccnses

viii

6-16
6-17
6-18
6-18
6-18

6-21
6-23

6-23
6-25
6-29
7-1
7-1
7-1
7-2
7-2
7-19
7-20

7-20 -

7-23

F.

—



APPENDIX A
APPENDIX B
APPENDIX C
APPENDIX D
APPENDIX E

APPENDIX F
APPENDIX G
APPENDIX H

TABLE OF CONTENTS (continued)

7.3 EVALUATION OF ALTERNATIVE CONTROL MEASURES.......

7.3.1 Tillingeeeeceees esesescssssccccscccccnanns
7.3.2 Wind ErosioNeccccecececceccrcccccns cesssacs
7.3.2.1 Vegetative Cover......... ceescacs
7.3.2.2 Tillage PracticeSecececceccecencss
7.3.2.3 Windbreaks and Wind Barriers.....
7.3.2.4 Strip-Cropping.ecccececececcecess

7.3.2.5 Limited Irrigation of Fallow
Fieldeeeeeaeeececcocacecnonncns
7.4 POSSIBLE REGULATORY FORMATS....... ceccsscssssncce
7.5 REFERENCES FOR SECTION 7euueeevennnnns eescsascena
OPEN DUST SOURCE CONTROL EFFICIENCY TERMINOLOGY.......

ESTIMATION OF CONTROL COSTS AND COST EFFECTIVENESS....
METHODS OF COMPLIANCE DETERMINATION FOR OPEN SOURCES..
PROCEDURES FOR SAMPLING SURFACE/BULK MATERIALS........

PROCEDURES FOR' LABORATORY ANALYSIS.OF SURFACE/BULK
.SMPLESQO...............‘.'.I...Q..... ................

FUGITIVE EMISSIONS PUBLICATIONS 6URRENTLY ON FILE.....

i

ix

E-1
F-1
G-1
H-1



4.0 STORAGE PILES

Inherent in operations that use minerals in aggregate form is the
maintenance of outdoor storage piles. Storage piles are usually left
uncovered, partially because of the need for frequent material transfer
into or out of storage.

Dust emissions occur at several points in the storage cycle, during
material loading onto the pile, during disturbances by strong wind
currents, and during loadout from the pile. The movement of trucks and
loading equipment in the storage pile area is also a substantial source of
dust.

4.1 ESTIMATION OF EMISSIONS A

The quantity of dust emissions from aggregate storage operations
varies with the volume of aggregate passing through the storage cycle.
Also, emissions depend on three correction parametérs that characterize
the condition of a particular storage pile: age of the pile, moisture
content, proportion of aggregate fines, and friability of the material.

- When freshly processed aggregate is loaded onto a storage pile, its
potential for dust.emissions is at a maximum. Fines are easily.
disaggregated and released to the atmosphe}e upon exposure to air currents
from transfer opefations or high winds. As the aggregate weathers,
however, potential for dust emissions is greatly reduced. Moisture causes
aggregation and cementation of fines to the surfaces of larger particles.

Field investigations have shown that emissions from certain aggregate
storage operations vary in direct proportion to the percentage of silt
(particles <75 um in diameter) in the aggregate material.!-® The silt
content is determined by measuring the proportion of dry agqregate
material that passes through a 200-mesh screen, using ASTM-C-136 method.
Table 4-1 summarizes measured silt and moisture values for industrial
aggregate materials.

Total dust emissions from aggregate storage piles are contributions
of several distinct source activities within the storage cycle:
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TABLE 4-1. TYPICAL SILT AND MOISTURE CONTENT VALUES OF MATERIALS AT VARIOUS INDUSTRIES

No, of No. of
test Siit, percent test Molsture, percent
Industry Material samples ange an samples Rangé Hean
Iron and steel production® Poliet ore 10 1.4-13 4.9 8 0.64-3,5 2.1
Lump ore 9 2.8-19 9.5 6 1.6-8,1 5.4
Coal 7 2-1.7 S 6 2.8-11 4.8
Slag 3 3-7.3 5.3 3 0.2%5-2,2 0.92
Flue dust 2 14-23 18.0 0 NA NA
Coke breeze 1 5.4 | 6.4
Blended ore ! 15.0 | 6.6
Sinter 1 0.7 0 NA NA
Limestone 1 0.4 0 NA - NA
Stone quarrying and processlngb Crushed !imestone 2 1.3-1.9 1.6 2 0.3-7.1. - 0.7
Yaconlte mining and processing® Pellets 9 2,2-5.4 3.4 17 0.03-2.3 0.96
Tallings 2 NA 11,0 1 0.35
Western surface coal nlnlngd Coal 15 3.4-16 6.2 ? 2.8-20 - 6.9
: " Overburden 15 3.8-15 1.5 0 NA NA
Exposed ground 3 5.1-21 13.0 3 0.8-6.4 3.4

—~

bRelerence |

dReleranca 6.
Reterence 7,

References 2 through 5, NA = no¥ applicable.




1. Lloading of aggregate onto storage piles (batch or continuous drop
operations).

2. Equipment traffic in storage area.

3. Wind erosion of'pile surfaces and ground areas around piles.

4. Loadout of aggregate for shipment or for return to the process
stream (batéh or continuous drop operations).
4.1.1 Materials Handling

Adding aggregate material to a storage pile or removing it usually
involves dropping the material onto a receiving surface. Truck dumping on
the pile or loading out from the pile to a truck with a front-end loader
are examples of batch drop operations. Adding material to the pile by a
conveyor stacker is an example of a continuous drop operation.

The following equation is recommended for estimating emissions from
transfer operations (batch or continuous drop):

1.3

(v
E = k(0.0016) &)[—4— (kg/Mg)
() =
- (4-1)
y 1.3

= k(o.oozz)(im- (1b/ton)

&

where: E = emission factor

k = particle size multipliier (dimensionless)

U = mean wind speed, m/s (mph)

M = material moisture content, percent
The particle size multiplier k varies with aerodynamic particle diameter
as shown below: ‘

Aerodynamic Particie Size Multiplier, k

<30 um <15 um <10 um <5 um <2.5 um

0.74 0.48 0.35 0.20 0.11

Based on the criteria presented in AP-42, the above equation is rated A.
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For emissions from equipment traffic (trucks, front-end loaders,
dozers, etc.) traveling between or on piles, it is recommended that the
equations for vehicle traffic on unpaved surfaces be used (see
Section 3-0). For vehicle travel between storage piles, the silt value(s)
for the areas among the piles (which may differ from the silt values for
the stored materials) should be used.

4.1.2 Wind Erosion

Dust emissions may be generated by wind erosion of open aggregate
storage piles and exposed areas within an industrial facility. These
sources typically are characterized by nonhomogeneous surfaces impregnated
with nonerodible elements (particles larger than approximately 1 cm in
diameter). Field testing of coal piles and other exposed materials using
a portable wind tunnel has shown that (a) threshold wind speeds exceed
5 m/s (11 mph) at 15 cm above the surface or 10 m/s (22 mph) at 7 m above
the surface, and (b) particulate emission rates tend to decay rapidiy
(half 1ife of a few minutes) during an erosion event. In other words,
these aggregate material surfaces are characterized by finite availability
of erodible material (mass/area) referred to as the erosion potential.

. Any natural crusting of the surface binds the erodib1e material, thereby
reducing the erosion potential. .
4.1.2.1 Emissions and Correction Parameters. If typical values for

threshold wind speed at 15 cm are corrected to typical wind sensor height
(7-10 m), the resu]ting_values exceed the upper extremes of hourly mean
wind speeds observed in most areas of the country. In other words, mean
atmospheric wind speeds are not sufficient to sustain wind erosion from
aggregate material surfaces. However, wind gusts may quickly deplete a
substantial portion of the erosion potential. Because erosion potential
has been found to increase rapidly with increasing wind speed, estimated
emissions should be related to the gusts of highest magnitude.

The routinely measured meteorological variable which best reflects
the magnitude of wind gusts is the fastest mile. This quantity represents
the wind speed corresponding to the whole mile of wind movement which has
passed by the l-mi contact anemometer in the least amount of time. Daily
measurements of the fastest mile are presented in the monthly Local
Climatological Data (LCD) summaries. The LCD summaries can be obtained
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from the National Climatic Center, Asheville, North Caro1ina. The
duration of the fastest mile, typically about 2 min (for a fastest mile of
30 mph), matches we]l with the half life of the erosion process, which
ranges between 1 and 4 min. It should be noted, however, that peak winds
.can significantly exceed the daily fastest mile.

' The wind speed profile in the surface boundary 1ayer is found to
follow a logarithmic distribution:

u(z) = ¥ 1n(§;) (z > 2) (4-2)

where: U = wind speed, cm/s
u* = friction velocity, cm/s
z = height above test surface, cm
2o = roughness height, cm
0.4 = von Karman's constant, dimensioniess
The friction velocity (u*) is a measure of wind shear stress on the
erodible surface, as determined from the slope of the logarithmic velocity
profile. The roughness height (zo) is a measure of the roughness of the
exposed surface as determined from the y-intercept of the velocity
profile, 1.e.,‘thé height. at which the wind speéd is zero. These
parameters are illustrated in Figure 4-1 for a roughness height of 0.1 cm. '
Emissions generated by wind erosion are also dependent on the
frequer..y of disturbance of the erodible surface because each time that a
surface is disturbed, its erosion potential is restored. A disturbance is
defined as an action which results in the exposure of fresh surface
material. On a storage pile, this would occur whenever aggregate material
is either added to or removed from the old surface. A disturbance of an
exposed area may also result from the turning of surface material to a .
depth exceeding the size of the largest pieces of material present.

- 4.1.2.2 Predictive Emission Factor Equations. The emission factor
for wind-generated particulate emissions from mixtures of erodible and
nonerodible surface mate-:al subject to d1sturbance may be expressed in
units of g/m2-yr as follows:

N
Emission factor = k 7§ P (8-3)
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where: k = particle size multiplier
number of disturbances per year '
erosion potential corresponding to the observed (or probable)
fastest mile of wind for the ith period between disturbances,
g/m?

The particlie size multiplier (k) for Equat1on 4-3 varies with
aerodynamic particle size, as follows:

©
- =
oo

AERODYNAMIC PARTICLE SIZE MULTIPLIERS FOR EQUATION 4-3

<30 ym <15 um <10_
0

um <2.5 um
1.0 0.6 9

0.2

This distribution of particle size within the <30 um fraction is
comparable to the distributions reported for other fug1tive dust sources
where wind speed is a factor. This is i1lustrated, for example, in the
distributions for batch and continuous drop operations encompassing a
number of test aggregate materials. (see AP-42 Section 11.2.3).

. In calculating emission factors, each area of an erodible surface
that is subject to a different frequency qf disturbance should be treated
separately. For a surface distdrbed daily, N = 365/yr, and for a surface
disturbance once every 6 mo, N = 2/yr.

"~ The erosion potential function for a dry, exposed surface has the
following form: '

P =58 (u* - up)2 + 25 (u* - ug)
(4-4)
P =20 for u* < uy

where: u* = friction velocity (m/s)
uf = threshold friction velocity (m/s)
Table 4-2 presents the erosion potential function in matrix form.
 Because of the nonlinear form of the erosion potential funct1on, each
erosion event must be treated separately.




TABLE 4-2. EROSION POTENTIAL FUNCTION

v, P (g/m®)

a/s  ug 0.2 0.4 0.6 0.8 1.0 .1.2 1.4 1.6 1.8 20 2.2 2.6
0.2 o o o ] o 0 o o 0 0 0 o
0.4 7 ] o .0 0 o 0 ] 0 0 0 0
0.6 19 7 o o [ o o 0 0 0 0o. o
0.8 36 19 7 (] o o o 0 0 o 0 0
1.0 57 36 19 7 0 o o ) 0 0o 0 0
1.2 83 57 36 19 7 0 0 o 0 o 0 0
1.4 14 83 57 36 19 7 ° o o 0 0 0
1.6 49 N4 83 57 36 19 7 () o o o 0
1.8 188 149 114 a3 57 36 19 7 ( o 0 0
2.0 233 188 149 114 83 57 36 19 7 0 ] 0
2.2 282 233 188 149 114 a3 57 36 19 7 o o
2.4 33 282 233 188 149 114 83 57 36 19 7 0
2.6 394 336 282 233 188 149 114 83 57 36 19 7
2.8 457 394 336 282 233 188 149 14 83 57 36 19
3.0 525 457 394 336 282 233 188 ' 149 114 83 57 36

N




Equations 4-3 and 4-4 apply only to dry, exposed materials with
limited erosion potential. The resulting calculation is valid only for a.
time period as long or longer than the period between disturbances.
Calculated emissions'reﬁresent intermittent events and should not be input
directly into dispersion models that assume steady state emission rates.

For uncrusted surfaces, the threshold friction velocity is best
estimated from the dry aggregate structure of the soil. A simple hand
sieving test of surface soil (adapted from a laboratory procedure’ '
published by W. S. Chepil?) can be used to determine the mode of the
surface aggregate size distribution by inspection of relative sieve catch
amounts, following the procedure specified in Section 6. The threshold
friction velocity for erosion can be determined from the mode of the
aggregate size distribution, as described by Gillette.1o This conversion
is also described in Section 6.

Threshold friction velbcities for several surface types have been
determined by field measurements with a portable wind tunnel.!0-13 These
values are presented in Tables 4-3 and 4-4 for industrial aggregates and
Arizona sites. Figure 4-2 depicts these data graphically.

The fastest mile of wind for the periods between disturbances may be
obtained from the monthly LCD summaries for the nearest reporting weather
station that is representative of the site in question.i* These summaries
report actual fastest mile values for each day of a given month. Because
the erosion potential is a highly nonlinear function of the fastest mile,
mean values of the fastest mile are inappropriate. The anemometer heights
of reporting weather stations are found in Reference 15, and should be
corrected to a 10 m reference height usfng Equation 4-2. '

 To convert the fastest mile of wind (u*) from a reference anemometer
height of 10 m to the equivalent friction velocity (u*), the logarithmic
wind speed profile may be used to yield the following equation:

(4-5) u* = 0.053 u¥,
where: u* = friction velocity (m/s)

u* = fastest mile of reference anemometer for per1od between
disturbances (m/s)
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TABLE 4-3. THRESHOLD FRICTION VELOCITIES--INDUSTRIAL AGGREGATES

o Threshold wind
Threshold velocity at
‘friction  Roughness 10 m (m/s)

velocity, height, 2y =
Material m/s cm actual 0.5 cm Ref. .
Overburden? 1.02 0.3 21 19 7
Scoria (roagbed 1.33 0.3 27 25 7
material)
Ground coal? 0.55 0.01 16 10 7
(surrounding coal
pile)
Uncrusted coal pile? 1.12 0.3 23 21 7
Scraper tragkg on - 0.62 0.06 15 12 7
coal pile®*
Fine coal dust _on 0.54 0.2 11 10 12

concrete pad

gwestern surface coal mine.
cLightly crusted.
Eastern power plant.
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TABLE 4-4. THRESHOLD FRICTION VELOCITIES--ARIZONA SITES

Threshold : Threshold

friction Roughness wind velocity

velocity, height, at 10 m,
Location m/sec (cm) m/sec
Mesa - Agricultural site 0.57 0.0331 16
Glendale - Construction site 0.53 0.0301 15
Maricopa - Agricultural site 0.58 0.1255 14
Yuma - Disturbed desert 0.32 0.0731 8
Yuma - Agricultural site 0.58 0.0224 17
Algodones - Dune flats 0.62 0.0166 18
Yuma - Scrub desert 0.39 0.0163 11
Santa Cruz River, Tucson 0.18 0.0204 5
Tucson - Construction site 0.25 0.0181 7
Ajo - Mine tailings 0.23 0.0176 7
Hayden - Mine tailings 0.17 0.0141 5
Salt River, Mesa 0.22 0.0100 7
Casa Grande - Abandoned 0.25 8

agricultural land

0.0067
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Figure 4-2. Scale of threshold friction velocities.




This assumes a typical roughness height of 0.5 cm for open terrain.
Equation 4-5 is restricted to large relatively flat piles or exposed areas
with 1ittle penetration -into the surface wind layer.

If the pile sighificant]y penetrates the surface wind layer (i.e.,
with a height-to-base ratio exceeding 0.2), it is necessary to divide the
pile area into subareas representing different degrees of exposure to
wind. The results of physical modeling show that the frontal face of an
elevated pile is exposed to wind speeds of the same order as the appfoach
wind speed at the top of the pile.

For two representative pile shapes (conical and oval with flat-top,
37 degree side slope), the ratios of surface wind speed (us) to approach
wind speed (u.) have been derived from wind tunnel studies.!! The results
are shown in Figure 4-3 corresponding to an actual pile height of 1l m, a
reference (upwind) anemometer height of 10 m, and a pile surface roughness
height (z,) of 0.5 am. The measured surface winds correspond to a height
of 25 cm above the surface. - The area fraction within each contour pair is
specified in Table 4-5. _

The profiles of ug/u,. in Figure 4-3 can be used to estimate the
surface friction velocity distribution around s1m11ar1y shaped p11es,
using the fo110w1ng procedure:

1. Correct the fastest mile value (u*) for the period of interest

from the anemometer height (z) to a reference neight of 10 m
(ule) using a variation of Equation 4-2, as follows:

+ _ .+ 1n (10/0.005
Uje = U _L(m z‘/!"‘o.oo_}s (4-6)
where a typical roughness height of 0.5 cm (0.005 m) has been

assumed. If a site specific roughness height is ava11ab1e, it
should be used.

2. Use the appropriate part of Figure 4-3 based on the pile shape
and orientation to the fastest mile of wind, to obtain the
corresponding surface wind speed distribution (u;), i.e.,

' u
. + S
(4-7) 4s = (3 e
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Figure 4-3. Contours of normalized surface wind speeds, ug/uy.
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TABLE 4-5.

SUBAREA DISTRIBUTION FOR REGIMES OF u/u,

Pile subarea

Percent of pile surface area (Figure 4-3)
Pile A - Pile B Pile B2 Pile B3

0.2a
0.2b
0.2¢
0.6a
0.6b
0.9

1.1

5
35

48

12

5
2
29
26
24
14

3
28
29
22
15

3

3
25
28
26
14

4
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3. For any subarea of the pile surface having a narrow range of
surface wind speed, use a variation of Equation 4-2 to calculate
the equivalent friction velocity (u*), as follows:

0.4 ut
u* = —z> = 0.10 u] (4-8)
. n53
From this point on, the procedure is identical to that used for a
flat pile, as described above.

Implementation of the above procedure is carried out in the following

steps:

1. Determine threshold friction velocity for erodible material of
interest (see Tables 4-3 and 4-4 or Figure 4-2 or determine from mode of
aggregate size distribution). ‘ _

2. Divide the exposed surface area into subareas of constant
frequency of disturbance (N).

3. Tabulate fastest mile values (u*) for each frequency of
disturbance and correct them to 10 m (ut,) using Equation 4-6.

4. Convert fastest mile values (u’,) to equivalent friction
velocities (u*), taking'into account (a)-the uniform wind exposure of.
nonelevated surfaces, using Equation 4-5, or (b) the nonuniform wind
exposure of elevated surfaces (piles), using Equations 4-7 and 4-8.

5. For elevated surfaces (piles), subdivide areas of constant N into
subareas of constant u* (i.e., within the isopleth values of ug/u,. in
Figure 4-3 and Table 4-5) and determine the size of each subarea.

6. Treating each subarea (of iconstant N and u*) as a separate
source, calculate the erosion potential- (P;) for each period between
disturbances using Equation 4-4 and the emission factor using
Equation 4-3. ' '

7. Multiply the resulting emission factor for each subarea by the
size of the subarea, and add the emission contributions of all subareas. .
Note that the highest 24-h emissions would be expected to occur on>the
windiest day of the year. Maximum emissions are calculated assuming a
single wind event with the highest fastest mile value for the annual
period. '
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The recommended emission factor equation presented above assumes that

all of the erosion potential corresponding to the fastest mile of wind is
lost during the period between disturbances. Because the fastest mile
event typically lasts oniy about 2 min, which corresponds roughly to the
halif-1ife for the decay of actual erosion potential, it could be argued
that the emission factor overestimates particulate emissions. However,
there are other aspects of the wind erosion process which offset this
apparent conservatism:

1. The fastest mile event contains peak winds which substantially
exceed the mean value for the event.

2. Whenever the fastest mile event occurs, there are usually a
number of periods of slightly lower mean wind speed which contain peak
gusts of the same order as the fastest mile wind speed.

Of greater concern is the 1ikelihood of overprediction of wind
erosion emissions in the case of surfaces disturbed infrequently in
comparison to the rate of crust formation.

4.1.3 Wind Emissions From Continuously Active Piles

For emissions from wind erosion of active storage piles, the
following total suspended particulate (TsP) emission faczor equation is
recommended: ‘

65-
E=1.9 (1 S) (3235p) (Ig) (kg/d/hectare)

(4-9)
E= 17 (5p) (D) (gh) (b/d/acre)
where: E = total suspended particulate emission factor
silt content of aggregate, percent
= number of days with >0.25 mm (0.0l in.) of precipitation per
year
percentage of time that the unobstructed wind speed exceeds
5.4 m/s (12 mph) at the mean pile height
The fraction of TSP which is PM,, is estimated at 0.5 and is

consistent with the PM,,/TSP ratios for materials ha-.ling (Section 4.1.1)
and wind erosion (Section 4.1.2). The coefficient in Equation (4-9) is
taken from Reference 1, based on sampling of emissions from a sand and

v n
L]

-
L]
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gravel storage pile area during periods when transfer and maintenance
equipment was not operating. The factor from Reference 1, expressed in
mass per unit area per day, is more reliable than the factor expressed in
mass per unit mass of material placed in storage, for reasons stated in
that report. Note that the coefficient has been halved to adjust for the
estimate that the wind speed through the emission layer at the test site
was one half of the value measured above the top of the piles. The o;her
terms in this equation were added to correct for silt, precipitation, and
frequency of high winds, as discussed in Reference 2. Equation (4-9) is
rated in AP-42 as C for application in the sand and gravel industry and O
for other industries (see Appendix A).

Worst case emissions from storage pile areas occur under dry windy
conditions. Worst case emissions from materials handling (batch and
continuous drop) operations may be calculated by substituting into
Equation (4-9) appropriate values for aggregate material moisture content
and for anticipated wind speeds during the worst case averaging period,
usually 24 h. The treatment of dry conditions for vehicle traffic
(Section 3.0) and for wind erosion (Equation 4-3), centering around
parameter p, follows the methodology described in Section 3.0. Also, a
separate set of nonclimatic correction barametérs and source extent values
corresponding to higher than normal storage pile activity may be justified
for the worst case averaging period.

4.2 DEMONSTRATED CONTROL TECHNIQUES

The control techniques applicable to storage piles fall into distinct
categories as related to materials handling operations (including traffic
around piles) and wind erosion. In both cases, the control can be
achieved by (a) source extent reduction, (b) source improvement related to
work practices and transfer equipment (load-in and load-out operations),
and (c) surface treatment. These control options are summarized in
Table 4-6. The efficiency of thesé controls ties back to the emission -
factor relationships presented earlier in this section.

In most cases, good work practices which confine freshly exposed
material provide substantial opportunities for emission reduction without
the need for investment in a control application program. For example,
pile activity, loading and unloading, can be confined to leeward
(downwind) side of the pile. This statement also applies to areas around
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TABLE 4-6. CONTROL TECHNIQUES FOR STORAGE PILES

Material handling

Source extent reduction

Source improvement
Surface treatment

Wind erosion
Source extent reduction

Source improvement

Surface treatment

Mass transfer reduction

Drop height reduction
Wind sheltering
Moisture retention

Wet suppression

Disturbed area reduction
Disturbance frequency reduction
Spillage cleanup

Spillage reduction
Disturbed area wind exposure
reduction

Wet suppression
Chemical stabilization
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the pile as well as the pile itself. In particular, spillage of material
caused by piile load-out and maintenance equipment can add a large source
component associated with traffic-entrained dust. Emission inventory
calculations show, in fact, that the traffic dust component may easily
dominate over emissions from transfer of material and wind erosion. The
prevention of spillage and subsequent spreading of material by vehicle
tracking is essential to cost-effective emission control. If spillage
cannot be prevented because of the need for intense use of mobile
equipment in the storage pile area, then regular cleanup should be
employed as a necessary mitigative measure. _

The evaluation of preventative methods which change the properties or
exposure of transfer streams or surface material are discussed in the
following section.

4.3 EVALUATION OF ALTERNATIVE CONTROL MEASURES

Preventive methods for control of windblown emissions from raw
material storage piles include chemical stabilization, enclosures, and
wetting. Physical stabilization by covering the exposed surface with less
erodible aggregate material and/or vegetative stabilization are seidom
practicaﬁ control methods for raw material storage piies.

To test the effectiveness of chemical stabilization controls for wind
erosion of storage piles and tailings p11es; wind tunnel measurements have
been performed. Although most of this work has been carried out in
laboratory wind tunnels, portable wind tunnels have been used in the field
on storage piles and tailings piles.16,17 Laboratory wind tunnels have
also been used with physical models to measure the effectiveness of wind
screens in reducing surface wind velocity.!!

4.3.1 Chemical Stabilization _

A portable wind tunnel has been used to measure the control of coal
pile wind erosion emissions by a 17 percent solution of Coherex® in.water
applied at an intensity of 3.4 L/m2 (0.74 gal/yard?), and a 2.8 percent
solution of Dow Chemical M-167 Latex Binder in water applied at an average
intensity of 6.8 L/m2 (1.5 gal/yard2).16 The control efficiency of
Coherex® applied at the above intensity to an undisturbed steam coal
surface approximately 60 days before the test, under a wind of 15.0 m/s
(33.8 mph) at 15.2 cm (6 in.) above the ground, was 89.6 percent for TP
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and approximately 62 percent for IP and FP. The control efFiciency of the
latex binder on a low volatility coking coal is shown in Figure 4-4.

Cost elements for cﬁemica1 stabilization are presented in
Table 4-7. The cost of a system for application of surface crusting
chemicals to storage piles is $18,400 for the initial capital cost and
$0.006 to $0.011/ft2 for annual operating expenses based on April 1985
dollars.18 Tables 4-8 and 4-9 provide recordkeeping forms for application
of chemical dust suppressants.

4.3.2 Enclosures ,

Enclosures are an effective means by which to control fugitive ’
particulate emissions from open dust sources. Enclosures can either fully
or partially.enclose the source. Included in the category of partial
enclosures are porous wind screens or barriers. This particular type of
enclosure is discussed in detail below.

With the exception of wind fences/barriers, a review of available
literature reveals no quantitative information on the effectiveness of
enclosures to control fugitive dust emissions from open sources. Types of
passive enclosures traditionally used for open dust control include three-
- sided bunkers for the-storage of. bulk materials, storage silos for various
types of aggregate material (in lieu of open piles), open-ended buildings,
and similar structures. Practically any means that reduces wind
entrainment of particles produced either through erosion of a dust-
producing surface (e.g., storage silos) or by dispersion of a dust plume
generated directly by a source (e.g., front-end loader in a three-sided
enclosure) is generally effective in controlling fugitive particulate
emissions. However, available data are not sufficienf to quantify
emission reductions.

Partial enclosures used for reducing windblown dust from large
exposed areas and storage piles include porous wind fences and similar
types of physical barriers (e.g., trees). The principle of the wind
fence/barrier is to provide an area of reduced wind velocity which allows
settling of the large particles (which cause saltation) and reduces the
particie flux from the exposed surface on the leeward side of the fence/
barrier. The control efficiehcy of wind fences is dependent on the
physical dimensions of the fence relative to the source being
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TABLE 4-7. CAPITAL AND O&M ITEMS FOR CHEMICAL STABILIZATION
". ' OF OPEN AREA SOURCES

Capital equ1pmént

* Storage equipment
Tanks
Railcars
Pumps
Piping

s Application equipment
Trucks
Spray system
Piping (including winterizing)

0M expenditures

e Utility or fuel costs
Water
Electricity
Gasoline or diesel fuel

* " Supplies
Chemicals
Repair parts

* Llabor
Application time
Road -conditioning
System maintenance
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TABLE 4-8. TYPICAL FORM FOR RECORDING CHEMICAL DUST SUPPRESSANT CONTROL PARAMETERS
App!ication -
. Type of Dilutton Intens}ty, Equipment Operator
Date Time chemical ratio gal/yd Aréa(s) treated used initlals Comments




§e-v

TABLE 4-9. TYPICAL FORM FOR RECORDING DELIVERY OF CHEMICAL DUST SUPPRESSANTS

Chemical Quantity Del lvery
Date Time dellvered detlvered agent Facllity destination® Comments

3penote whether suppressant will be applied immediately upon receipt or placed In storage.




controlled. In general, a porosity (i.e., percent open area) of
50 percent seems to be-optimum for most applications. Wind fences/
barriers can either be man-made structures or vegetative in nature.

A number of studies have attempted to determine the effectiveness of
wind fences/barriers for the control of windblown dust under field
conditions. Several of these studies have shown both a significant
decrease in wind velocity as well as an increase in sand dune growth on
the lee side of the fence,19-22

Various probiems have been noted with the sampling methodology used
in each of the field studies conducted to date. These probliems tend to
1imit an accurate assessment of the overall degree of control achievable
by wind fences/barriers for large open sources. Most of this work has
either not thoroughly characterized the velocity profile behind the
fence/barrier or adequately assessed the particle flux from the exposed
surface. ‘

A 1988 laboratory wind tunnel study of windbreak effectiveness for
coal storage piles showed area-averaged wind ‘speed reductions of -50 to
-70 percent for a 50 percent porosity windbreak yith height equal to the
pile height and length equal to the pile base.. The windbreak was located
three pile heights upwind from the base of the pile. This study also
suggested “that fugitive dust emissions on the top of the pile may be
controlled locally th%ough the use of a windbreak at the top of the pile."

Based on the 1.3 power given in Equation (4-1), reductions of -50 to
70 percent would correspond to ~60 to 80 percent control of material
handling PM,, emissions. Estimation of wind erosion control requires
source-specific evaluation because 6f the interrelation of u: and u* (for
both controllied and uncontrolled conditions) in Equation (4-14).

This same laboratory study showed that a storage pile may itself
serve as a wind break by reducing wind speed on the leeward face
(Figure 4-3). The degree of wind sheltering and associated wind erosion.
- emission reduction is dependent on the shape of the pile and on the
approach angle of the wind to an elongated pile.

One of the real advantages of wind fences for the control of PM,,
involves the low capital and operating costs.2!,23 These involve the
following basic elements:
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 (Capital equipment:
-- Fence material and supports

-- Mounting hardware
e (Operating and maintenance expenditures:
-~ Replacement fence material and hardware
-- Maintenance labor
The following cost estimates (in 1980 dollars) were developed for
wind screens applied to aggregate storage piles:2v
e Artificial wind guards:
-- Initial capital cost = $12,000 to $61,000
* Vegetative wind breaks ,
-- Initial capital costs = $45 to $425 per tree
Due to the lack of quantitative data on costs associated with wind
screens, it is recommended that local vendors be contacted to obtain more
detailed data for capital and operating expenses. Also, since wind fences
and screens are relatively “low tech* controls, it may be possible. for the
site operator to construct the necessary equipment using site personnel
with less expense. )

" As wifh other options -mentioned abovém the main regulatory approach
involved .with wind fences and screens would invblve recordkeeping by the
site operator. Parameters to be specified in the dust control plan and
routinely recorded are:

General Information to be Specified in Plan

1. Locations of all materials storage and handling operations to be
controlled with wind fences referenced on a plot plan available to the
site operator and regulatory personnel .

2. Physical dimensions of each source to be controlled and
configuration of each fence or screen to be installed

3. Physical characteristics of material to be handled or stored for
each operation to be controlled by fence(s) or screen(s)

4. Applicable prevailing meteorological data (e.g., wind speed and
direction) for site on an annual basis ‘

Specific Operational Records

1. Date of instél]ation of wind fence or screen and initials of
installer '
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2. Location of installation relative to source and prevailing winds

3. Type of material'peing handled and stored and physical dimensions
of source controlled

4. Date of removal of wind fence or screen and initials of personnel
involved

General Records to be Kept

1. Fence or screen maintenance record )

2. Log of meteorological conditions for each day of site operation
4.3.3 Wet Suppression Systems

Fugitive emissions from aggregate materials handling systems are
frequently controlled by wet suppression systems. These systems use
tiquid sprays or foam to suppress the formation of airborne dust. The
primary control mechanisms are those that prevent emissions through
agglomerate formation by combining small dust particles with larger
aggregate or with liquid droplets. The key factors that affect the degree
of agglomeration and, hence, the performance of the system are the
coverage of the material by the 1liquid and the ability of the 1liquid to
*wet® small particles. This section addresses two types of wet
suppression systems--1iquid sprays which use water or water/surfactant
mixtures as the wetting agent and systems which supply foams as the
wetting agent. ]

Liquid spray wet suppression systems can be used to control dust
emissions from materials handling at conveyor transfer points. The
wetting agent can be water or a combination of water and a chemical
surfactant. This surfactant, or surface active agent, reduces the surface
tension of the water. As a result, the quantity of 1liquid needed to
achieve good control is reduced. For systems using water only, addition
of surfactant can reduce the quantity of water necessary to achieve a good
control by a ratio of 4:1 or more.25,26

The design specifications for wet suppression systems are genefally
based on the experience of the design engineer rather than on established
design equations or handbook calculations. -Some general design guidelines
that have been reported in the literature as successful are listed below:

1. A variety of nozzle types have been used on wet suppression
systems, but recent data suggest that hollow cone nozzles produce the
greatest control while minimizing clogging.2?
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2. Optimal droplet size for surface impaction and fine particle
agglomeration is about 500 um; finer droplets are affected by drift and
surface tension and appear to be less effective.28

3. Application'of water sprays to the underside of a conveyor belt
. improves the performance of wet suppression systems at belt-to-belt
" transfer points.29 _

Micron-sized foam application is an alternative to water spray
systems. The primary advantége of foam systems is that they provide
equivalent control at lower moisture addition rates than spray
systems.29 However, the foam system is more costly and requires the use
of extra materials and equipment. The foam system also achieves control
primarily through the wetting and agglomeration of fine particles. The
following guidelines to achieve good particle agglomeration have been
suggested: 30

1. The foam can be made to contact the particulate material by any
means. High velocity impact or oiher brute force means are not
required.

2. .The foam should be distributed throughout the product material.
Inject the foam into free-falling material rather than cover the product
with foam. o '

3. The amount appiied should allow all of the foam to dissipate.
The presence of foam with the product indicates that either too much foam
‘has been used or it has not been adequately diépersed within the
material. , ' -

Available data for both water spray and foam wet suppression systems
- are presented in Tables 4-10 and 4-11, respectively. The data primarily
included estimates of control efficiency based on concentrations of total
particulate or respirable dust in the workplace atmosphere. Some data on
mass.-emissions reduction are also presented. The data should be viewed
with caution in that test data ratings are generally low and only minimal
data on process or control system parameters are presented.

The data in Tables 4-10 and 4-11 do indicate that a wide range -of
efficiencies can be obtained from wet suppression systems. For conveyor
transfer stations, liquid spray systems had efficiencies ranging from 42
to 75 percent, while foam systems had efficiencies ranging from O to
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TABLE 4-10

SUMMARY OF AVAILABLE CONTROL EFFICIENCY DATA FOR WATER SPRAYS

Ref,
No,

Type of process

Type of material

Process design/
opersting paraseters

Control systes paraseters

Measuresent technique®

Control
effi

clency,

pcrc¢n|‘

25

t

28

Chaln feeder to
belt transfer

Selt-to-belt
transfer

Grizzly transfer
to the bucket
elevator

Conveyor trans-
port and
transfer

Coal

Coal

fue of ail) sand

Coal

3 11 drop, 8 tons coal per load

ot specified

Not specified

2 belts 0.91 @ and 1.07 »
widths, "500 m length

8 sprays, 2.5 gal/sin, ahove
belt only

8 sprays, 2.5 gal/ain and one
one spray on underside of
belt

8 sprays, 2.5 gal/ain above
belt only®

8 sprays, 2.5 gal/min and one
one spray on underside of

. beit? '

Liquid volume 757 st

<_l|lu|‘ volume 1,324 ot

Liquid volume 1,324 m®

Liquid volume 1,324 at!

3 spray bars/delt, underside
of tatl pulley, 5-10 cc
H_0/s per bar, Delevan
*Yanjet® sprays

Personnel saaplers,
Type | test scheme
Personnel ssmplers,
Type | test schese

Personnel samplers,
Type 1 test schess
Personne! samplers,
Type 1 test schese

Personnel sasplers,
Type 1 test scheme
Personnel sasplers,
Type | test scheme
Personnel saaplers,
Type 1 test scheme
Personnel samplers,
Type 1 test scheme

Personnel samplers,

Type 1 test scheme?

Test

Mo, of data

tests rating
10 (4
] [4
10 [4
[] C
NA [4
[} [
1) (4
A [4
WA ]

RP $6
w89
RP 8)
we

RP S5

RP &

RP 86
RP S8
RP 54

RP 54

RP-65-7%

SamM samples are from Realtime Aeroso) Monitors, light scattering Lype instruments, Type | tests iInclude measurements of 8 single source with

blesl rating schese defined in Section 4.4,
Cip « Tota) particulate; RP = respirable particulate,
Control spplied at a point five transfers upstresa,
:lmerol.s percent surfactant,
Water2,5 percenl surfactant,
9)ndividual test values not specified; no airflow dats or QA/QC data.

snd without control.




TABLE 4-11. SUMMARY OF AVAILABLE CONTROL EFFICIENCY DATA FOR FOAM SUPPRESSION SYSTEMS

Control
. Test effl-
Ref, Process design/ No. of data clency,
o, Type of process Type of saterial opersting parsseters Control systea parameters Heasuresent !echnlque' tests nung' percent®
27 Belt-to-dbelt 30-mesh glass sand  Sand tesp. “120°F Mot specified ) Personne) samplers, NA (4 /P 20¢
transfer . Type 1 test scheae :
Belt-to-bin 30-mesh glass sand  Sand tesp. "120°F Not specified " Personne) sasplers, NA [4 RP 139
transfer Type 1 test scheme
Bulk loadout 30-sesh glass sand  Sand temp, “120°F Not specified Personne! sasplers, KA ¢ P 659
Type 1 Lest scheae
Screw-to-belt Cleaned run-of - 174 tons/h, sand tesp, “190°F Mofisture » 0.25 percent Grav/RAM tamplers, [ 4 ) ar 109
transfer sine sand ) Type | schese
Bucket elevator Cleaned run-of - 179 tons/h, sand temp. "190°F Moisutre s 0.18 percent RNH/personnel samplers, L3 [ ke o
discharge aind sand - Type 1 test schese
'S Belt-to-belt Clesned run-of - 193 tons/h, sand temp. "190°F ‘Molsture = 0.10 percent RAM/personnel semplers, 8 C e 14
‘I» transfer afne sand Type ) test scheme
— .
Feeder dar Cleaned run-of - 191 tons/h, sand temp. “190°F Motsutre = 0.1% percent RAM/personnel saaplers, [ [ RP 2"
discharge msine sand Type | test scheae
Grizzley transfer ODried run of mine Hot specified . foam rate « 10.5 lt’/lon sand  Personnel samplers, ? 4 RP 92
to ducket sand Liquid rate = 0,30 _gal/aln Type 1 test scheme
elevator . Foas rate = 0.2 ft-/ton sand Personnel samplers, ] [ 4 RP 11
Liquid rate s 0.34 gal/ain Type ) test scheme
Foam rate » 7.5 ft~/ton sand Personnel sampiers. ] 4 RP oB
Liquid rate » 0.20 gal/ain Type 1 test scheme
25 Chain feeder to Coal 3-ft drop, @ tons coal per load S0 psi K0, 2.5 percent Personnel sampiers, 9 t RP Ye.
delt transfer relgen‘. four nozzles 15 to Type 1 test scheme P y?
20 17 foam applled‘
Belt-to-belt Coal Hot specified 50 psi H O, 2.5 percent RPN

transfer relgeni. four nozzles 15 to
| : 20 1t toam applied®

{cont an:d_i
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TABLE 4-11. (continued)

Control
Test effi-
Ref, . Process design/ No, of data clency,
Mo, Type of process Type of material operating paraseters Control systea paraacters Heasuresent technlque' tests rating percent®
2?7 erizzley Dried run-of-aine Not specified Foam rate » 4.8 ﬂ’lton sand Personne) samplers, 2 [4 RP O
sand , Liquid rate = 0.10 gaV/min Type 1 test scheme
Foam rate * 2.6 ft7/ton sand Personnel sasplers, A 4 AP 0
- Liquid rate » 0.13 gal/ain Type | test schese
Liquid volume 1,420 ot Personnel sasplers, NA [4 RP 91
Type | test scheme
tiquld voluse 1,330 ol Personnel saaplers, NA C R 33
: Type 1 test scheme N
Personnel samplers, A 4

Liquid voluse 764 at

Type ) test schese

A samples are from Realtime Aerosol Honitors, light scattering type instruments. Type | tests include measurements of & single source with and without control.

Dlest rating scheme defined fn Section 4.4,
RP » respirable particulate.
Efticiency based on concentrations only,




92 percent. The data are not sufficient to develop relationships between
control or process parameters and control efficiencies. However, the
following observat1ons relat1ve to the data in Tables 4-10 and 4-11 are
noteworthy:

1. The quantity of foam applied to a system does have an impact on
system performance. On grizzly transfer points, foam rates of 7.5 ft2 to
10.5 ft? of foam per ton of sand produced increasing control efficiencies
ranging from 68 to 98 percent.3! Foam rates below 5 ft3 per ton produced
no measurable control.

2. Material temperature has an impact on foam performance. At one
plant where sand was being transferred, control efficiencies ranged from
20 to 65 percent when 120°F sand was handled. When sand temperature was
increased to 190°F, all control efficiencies were below 10 percent.3!

3. Data at one plant suggest that underside belt sprays increase
control efficiencies for respirable dust (56 to 81 percent).29

4. When spray systems and foam systems are used to apply equivaient
moisture concentrations, foam systems appear to provide greater control.3!
On a grizzly feed to a crusher, equivalent foam and spray applications
provided 68 percent and 46 percent control eff1c1ency, respect1ve1y.
Capital and 0M cost elements for wet suppression are shown in Table 4-12.

In estimating the wind erosion control effectiveness of wet
suppression,. it can be assumed that emissions are inversely proportional
to the square of the surface moisture content. The emission/moisture
dependence is embedded in the agricultural wind erosion equation as
described in Section 7. It also appears in the observed relationship
between the role of emissions from an unpaved road and the surface
moisture content, as illustrated in Figure 3-3.

In addition, a relationship between surface moisture content and
daily moisture addition has been developed from field studies of storage
piles exposed to natural precipitation. The results of that research are
illustrated in the example problem to be presented at the end of this
section. |

Costs associated with wet suppression systems include the following
basic elements:
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TABLE 4-12. WET SUPPRESSION SYSTEM CAPITAL AND O2M
COST ELEMENTS

Capital equipment

e Water spray system
Supply pumps
Nozzles
Piping (including winterization)
Control system
Filtering units

* Water/surfactant and foam systems only
Air compressor
Mixing tank
Metering or proportioning unit
Surfactant storage area

0&M expenditures

e Utility costs
Water :
Electricity

e Supplies
Surfactant
Screens

» Labor
Maintenance
Operation
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+ (Capital equipment:
-- Spray nozzles or other distribution equipment
-~ Supply pupps.hnd'plumbing (plus weatherization)
-- Water fi]térs and flow control equipment
-- Tanker truck (if used)
+ Operating and maintenance expenditures:
Water and chemicals
Replacement parts for nozzles, truck, etc.
Operating labor
Maintenance labor .
Reference 6 estimates the following costs (in 1985 dollars):
* Regular watering of storage piles:
-- Initial capital cost = $18,400 per system
* Watering of exposed areas:
-- Initial capital cost = $1,053 per acre
-- Annual operating cost = $25 to 67 per acre

The costs associated with a stationary wet suppression system using
chemical surfactants for the unloading of limestone from trucks at
aggregate processing plants (in 1980 d611ars).ha9e been estimated- at:
capital-='$72,000i annual = $26,000. Typical costs for wet suppression of
materials transfer operations are listed in Table 4-13.

As with watering of unpaved surfaces, enforcement of a wet
suppression control program would consist of two complementary
approaches. The first would be record keeping to document that the
program is being implemented and the other would be spot-checks and grab
sampling. Both were discussed previously above.

Records must be kept that document the control plan and its
implementation. Pertinant parameters to be specified in a plan and to be
regularly recorded include:

General Informatic to be Specified in Plan

1. Llocations of a- w2 - -1als storage and handling operations
referenced on plot plan ~ tie site available to the site operator and
regulatory personnel

2. Materials deliv y ¢ cransport flow sheet which indic§tes the
type of material, its ha: !lin. and storage, size and composition of
storage piles, etc. ‘
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TABLE 4-13. T&PICAL COSTS FOR WET SUPPRESSION OF MATERIAL | =

TRANSFER POINTS

Initial cost,
April 19g5 Unit operating cosg,

Source method dollars April 1985 dollars
Railcar unloading station ~ 48,700 NR
(foam spray)
Railcar unloading station 168,000 NR
(charged fog)
Conveyor transfer point 23,700 0.02 to 0.05/ton material
(foam spray) : treated
Conveyor transfer point 19,800 NR

(charged fog)

gReference 18. MR = not reported.

January 1980 costs updated to April 1985 cost by Chemical Engineering
Index. Factor = 1.315.

Based on use of 16 large devices at $10,500 each.

Based on use of three small devices at $6,600 each.

c
d
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3. The method and application intensity of water, etc., to be
applied to the various mater1als and frequency of application, if not
continuous

4. Dilution ratio for chemicals added to water supply, if any

5. Complete specifications of equipment used to handle the various
materials and for wet suppression

6. Source of water and chemical(s), if used

Specific Operational Records

1. Date of operation and operator's initials

2. Start and stop time of wet suppression equipment

3. Llocation of wet suppression equipment

4. Type of material being handled-and number of loads (or other
measure of throughput) loaded/unloaded between start and stop time (if
material is being pushed, estimate the volume or weight)

5. Start and stop times for tank filling

General Records to be Kept

1. Equipment maintenance records

2. Meteorological 169 of general conditions

3. Records of equipment malfunctions.and downtime
4.4 EXAMPLE DUST CONTROL PLAN--WATERING OF 'COAL STORAGE PILE

Description of Source

* Conically shaped pile (uncrusted coal) ,

~» Pile height of 11 m; 29.2 m base diameter; 838 m? surface area
* Daily reclaiming of downwind face of pile; pile replenishment
every 3 d affects entire pile surface (Figure 4-5)

* LCD as shown in Figure 4-6 for a-typical month

» Coal surface moisture content of 1.5 percent

Calculation of Uncontrolled Emissions _

Step 1: In the absence of field data for estimating the threshold
friction velocity, a value of 1.12 m/s is obtained from Table 4-3.

Step 2: Except for a small area near the base of the pile (see
Figure 4-5), the entire pile surface is disturbed every 3 d, corresponding
to a value of N = 120/yr. [t will be shown that the contribution of the
area where daily activity occurs is negligible so that it does not need to
be treated separately in the calculations.

4-37




Prevailing
Wind
Direction

ﬁ

* A portion of Cp is disturbéd.da11y~by-reclaiming activities.

~ Area ug
1D e
A 0.9
B8 0.6
€ +C2 0.2

Pile Surface

2
12
48

40

Area (m2)

101
402
335
838

Circled values
refer to ug/ur

Figure 4-5. Example 1l: Pile surface areas within each wind speed regime.
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Step 3: The calculation procedure involves determination of the
fastest mile for each period of disturbance. Figure 4-6 shows a
representative set of va]u'es (for a2 l-mo period) that are assumed to be
applicable to the geographic area of the pile location. The values have
been separated into 3-d periods, and the highest value in each period is ‘ .
indicated. In this example, the anemometer height is 7 m, so that a
height correction to 10 m is needed for the fastest mile values.
From Equation (4-6)

+ ot in {(10/0.005
Ujo = Uy —_Hn 7/0.005
uby = 1.05 uj

Step 4: The next step is to convert the fastest mile value for each
3-d period into the equivalent friction velocities for each surface wind
regime (i.e., ug/u, ratio) of the pile, using Equations 4-7 and 4-8.
Figure 4-5 shows the surface wind speed pattern (expressed as a fraction
of the approach wind speed at a height of 10 m). The surface areas lying
within each wind speed regime are tabulated below the figure.
) The calculated friction velocities are presented in Table 4-14. As
indicated, only three of the periods contain a friction velocity which -
exceeds the threshold value of 1.12 m/s for an uncrusted coal pile. These <
three values all occur within the ug/u,. = 0.9 regime of the pile surface.
Step 5: This step is not necessary because there is only one
frequency of disturbance used in the calculations. It is clear that the
small area of daily disturbance (which lies entirely within the ug/u, =
0.2 regime) is never subject to wind speeds exceeding the threshold value.
Steps 6 and 7: The final set of calculations (shown in Table 4-15)
involves the tabulation and summation of emissions for each disturbance
period and for the affected subarea. The erosion potential (P) is
calculated from Equation (4-4).
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TABLE 4-14. EXAMPLE 1: CALCULATION OF FRICTION VELOCITIESj

ud T u* = 0.1 ug (m/s) .
3-day —_

period - mph m/s mph m/s ug/u, [ 0.2 0.6 0.9
1 14 6.3 15 6.6 0.13 0.40 0.59

2 29 13.0 31 13.7 0.27 0.82 1.23

3 30 13.4 32 14.1 0.28 0.84 :1.27

4 31 13.9 33 14.6 0.29 0.88 1.31

5 22 9.8 23 10.3 0.21 0.62 0.93

6 21 9.4 22 9.9 ' 0.20 0.59 0.89
7 16 7.2 17 7.6 0.15 0.46 0.68
8 25 11.2 26. 11.8 0.24 0.71 1.06

9 17 7.6 18 8.0 0.16 0.48 0.72

10 13 5.8 14 6.1 0.12 0.37 0.55

TABLE 4-15. EXAMPLE l: CALCULATION OF PM,, EMISSIONS?

Pile Surface
3-Day u* - ug, 2 Area, kPA,
period u*, m/s m/s P, g/m ID m g

2 1.23 0.11 3.45 A 101 170
.3‘ 1.27 0.15 5.06 A 101 260

4 1.31 - 0.19 6.84 A 101 350

Total PM,, emissions =780

qhere uf = 1.12 m/s for uncrusted coal and k = 0.5 for PM,,.
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For example, the calculation for the second 3-d period is:
P, = 58(1.23-1.12)2+25(1.23-1.12)
= 0.70+2.75 = 3.45 g/m2

The PM,, emissions generated by each event are found as the product
of the PM;, multiplier (k = 0.5), the erosion potential (P), and the
affected area of the pile (A).

As shown in Table 4-15, the results of these calculations indicate a
monthly PM,, emission total of 780 g.

Target Control Efficiency: 60 percent

Method of Contro1:_ Daily watering of erodible surfaces of coal pile
(2 gal/m?) '

Demonstration of Control Program Adequacy: Wind-generated dust
emissions are known to be strongly dependent (inverse square) on moisture
content as described in Section 4.3.3. In addition, coal storage pile

_surface moisture, M, is correlated with weighted precipitation, Pys @S
follows:3 ' '

M. = 0.13 P + 1.41 (4-10)

where: M = surface moisture confent (percent)

4d

Py = I P, expl-(n- 0.5)] (nim)
n=1

Pn = daily precipitation or watering amount (mm) for the nth day
in the past '

For uniform daily water application, Py = Ppe

Uncontrolled PM,, wind erosion emissions, E,» from the storage pile
were shown to be 780 g for the month. To achieve a control efficiency of
60 percent, calculate the controlled emissions, Ec, using the following
relationship.
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Ec = £, (1 - 0.60)
=312 g

The inverse square relationship of wind emissions with surface
moisture content can be written as follows:

(M)
T—Tu

Solving for the controlled surface moisture content, M., using an
uncontrollied moisture content, M, = 1.5 percent, produces:

Eu
M_=M T = 2.4 percent

c u ¢
To achieve this moisture content, use Equation 4-10 to determine the
‘daily water application rate.

Mc - 1.41
Py = ol

= 7.4 mm

Convert this daily watering amount to gal/m2 of erodible pile surface
to obtain a recommended daily water application rate of 1.95 gal H,0/mz.

The upper pile area where Ug/Up 2 0.9 is the only surface which needs
to be controlled in the example month since this area has been shown to
produce virtually ail the emissions. In this instance, it is only
necessary to water the pile surface 1mpacted by winds producing Us /U,
values = 0.9. This area can be estimated from Figure 4-5 if the 0.9
subarea 1s rotated about the pile center to represent the possible
360 degree impact of winds on the pile.

The surface area to be controlled is equivalent to the area of a cone
with base diameter of about 21.3 m. This upper cone has an area of
53 percent of the entire coal pile surface, e.g., about 450 ma2.
Consequently, 900 gal of water appiied dafly to the 450 m2 of erod1b1e
surface will achieve a control efficiency of 60 percent.
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4.5 POTENTIAL REGULATORY FORMATS

There are several possible regulatory formats for control of dust
emissions from storage piles. Opacity standards are suitable for a
standard observed at the point of emissions, such as continuous drop from
a stacker; however, they may not be legally applied at the property line.

For wet suppression and chemical stabilization, suitable
recordkeeping forms, such as those provided above, would provided evidence
of control plan impiementation. In addition, simple measurements of
moisture level in transferred material or of the crust strength of the
chemically treated surface could be used to verify compliiance. In
addition, the loading as well as the texture of material deposited around
the pile could be used to check whether good work practices are being
employed relative to pile reclamation and maintenance operations. The
su1tability of these measurements of surrogate parameters for source
emissions stems from the emission factor models which relate the
parameters directly to emission rate.
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5.0 CONSTRUCTION AND DEMOLITION ACTIVITIES

Construction and demolition activities are temporary but important
sources of PM,, in urban areas. These activities involve a number of
separate dust-generating operations which must be quantified to determine
the total emissions from the site and thus its impact on ambient air
quality. Also, the specific type of activities which are conducted onsite
will depend of the nature of the construction or demolition project taking
place.

In the case of construction, a project may involve the erection of a
building(s), single- or multifamily homes, or the installation of a road
right-of-way. Operations commonly found in these types of construction
projects consist of: land clearing, drilling and blasting, excavation,
-cut-and-fi11 operations (i.e., earthmoving), materials storage and
hand1ing, and associated truck traffic on unpaved surfaces.

In addition, secondary impacts associated with construction sites
involve mud/dirt carryout onto paved surfaces. The additional loading
caused by carryout can substantially increase PM,, -emissions on city
streets over the 1life of the project.

With regard to demolition, a particular project may 1nvo1ve the
razing and removal of an entire building(s), a major interior renovation
of a structure, or a combination of the two. Dust-producing operations
associated with demolition are: mechanical or explosive dismemberment;
debris storage, handling, and transport operations; and truck traffic over
unpaved surfaces onsite.

Like construction, demolition activities can also create mud/dirt
carryout onto paved surfaces with its associated increase in emissions.-
Also, since building debris is usually being removed from the site,
spillage from trucks can also be bf concern in increasing the amount of
surface loading deposited on the paved street(s) providihg access to the
site. The generic sources of PM;, involved in construction and demolition
sites are shown in Table 5-1.!
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TABLE 5-1. GENERIC OPEN DUST SOURCES ASSOCIATED WITH
CONSTRUCTION AND DEMOLITION SITES

Construction Sites

Pushing (land clearing and earthmoving)
Drilling and blasting

Batch drop operations (loader operation)
Storage piles (soil and construction aggregates)
Exposed areas ' :
Vehicle traffic on unpaved surfaces

Mud/dirt carryout onto paved surfaces

Demolition Sites

Explosive and mechanical dismemberment (blasting and wrecking
ball operations)

e Pushing (dozer operation)
o Batch drop operations (loading debris into trucks)
e Storage piles (debris)
e Exposed areas 4
- Vehicular traffic on unpaved surfaces .
e Mud/dirt/debris carryout onto paved surfaces
This section presents a discussion of available emission factors,

demonstrated control techniques, alternative cont.ro'l measures, and
possible formats for determining compliance for controlled construction

- and demolition sites. It must be cautiohed, however, that the information
presented is for generic sites and site-specific analyses will be
necessafy for comp]iance determination.

5.1 ESTIMATION OF EMISSIONS

5.1.1 Construction Emissions ,

At

present, the only emission factor available in AP-42 is 1.2 tons/

acre/month (related to particles <30 um Stokes' diameter) for an entire
construction site. No factor has been published for demolition in

AP-42.

However, PM,, emission factors have been developed for

construction site preparation using teSt data from a study conducted in

Minnesota for topsoil removal, earthmoving (cut-and-fill), and truck

haulage

operations.? For these operations, the PM,, emission factors

based on the level of vehicle activity (i.e., vehicle kilometers traveled

or VKT)

occurring onsite are:?
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* Topsoil removal: 5.7 kg/VKT for pan scrapers

- Earthmoving: 1.2 kg/VKT for pan scrapers

* Truck haulage: ' 2.8 kg/VKT for haul trucks
PM,, emissions due to maferia]s handling and wind erosion of exposed areas
can be calculated using the emission factors presented in Sections 4.0 and
6.0, respectively.
5.1.2 Demolition Emissions

For demolition sites, the operations involved in demolishing and
removing structures from a site are:

* Mechanical or explosive dismemberment

¢ Debris loading

* Onsite truck traffic

* Pushing (dozing) operations ‘

5§.1.2.1 Dismemberment. Since no emission factor data are available
for blasting or wrecking a building, the first operation is addressed
through the use of the revised AP-42 materials handling equation:3,s

‘1.3
(7) -
En = k(0.0016) -—J——ITZ (5-1).
' ) -
where ED = PM,, emission factor in kg/Mg of material
k = particle size multiplier = 0.35 for PM,,
U = mean wind speed in m/s (default = 2.2 m/s)
M = material moisture content in percent (default = 2 percent)
and Ep = 0.00056 kg/Mg (with default parameters)

The above factor can be modified for waste tonnage related to
structural floor space where 1 m2 of floor space represents 0.45.Mg of
waste material (0.046 ton/ft2).3 . The revised emission factor related to
structural floor space (using default parameters) can be obtained by:

E, = 0.00056 kg/Mg » —9:95 Mg
0 -

= 0.00025 kg/m?
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5.1.2.3 Debris Loading. The emission factor for debris loading is
based on two tests of the filling of trucks with crushed limestone using a
front-end loader which is ﬁart'of the test basis for the batch drop
equation in AP-42, § 11.2.3.5 The resulting emission factor for debris
loading is:3

E, = k(0.029) kg/Mg * 0.45 Mg
. me

= 0.0046 kg/m?

where 0.029 kg/Mg is the average measured TSP emission factor and k is the
particle size multiplier (0.35 for PM,,).

5.1.2.4 Onsite Truck Traffic. Emissions from onsite truck traffic
is generated from the existing AP-42 unpaved road equation presente& in
Section 3.0 above.$

0.7 0.5
E-17k Y G (D (5-2)

E = PM,, emission factor in kg/vehicle kilometer traveled (VKT)
k = particle size multiplier = 0.36 for PM,, :

s.= silt content in percent (default = 12 percent)

S = truck speed in km/h (default = 16 km/h)
W
w
P

where

= truck weight in Mg (default = 20 Mg)

= number of truck wheels (default = 10 wheels)

= number of days with measurable precipitation
(default = 0 days)

and Er = 1.3 kg/VKT (with default values)

The above factor is converted from kg/VKT to kg/m? of structural
floor space by:3

0.40 km _ 1 m3 waste 7.65 m3 volume . 1.3 kg

23 m3 waste 4 m3 volume 0.836 m2 floor space VKT

2!

= 0.052 kg/m2

5.1.2.5 Pushing Operations. For pushing (bulldozer) operations, the
AP-42 emission factor equation for overburden removal at Western surface
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coal mines can be used.S Although this equation actually relates %o par-
ticulate <15 umA, it would be expected that the PM,, emissions from such
operations would be genera]iy comparable. The AP-42 dozer equation is:

1.5
0.45 (S)"°
E. = 5-3
P M) T3 (5-3)

where Ep = PM,, emission rate in kg/h
S = siit content of surface material in percent
(default = 6.9 percent)
M = moisture content of surface material in percent
(default = 7.9 percent)
and Ep = 0.45 kg/h (with default parameters)

Finally, PM;, emissions due to wind erosion of exposed areas can be
calculated as discussed in Section 6.0. In general, these emissions are
expected to be minor as compared to other sources.

5.1.3 Mud/Dirt Carryout Emissions

Finally, the increase in emissions on paved roads due to mud/dirt
carryout have been developed based on surface loading measurements at
eight sites.¢ Tables 5-2 and 5-3 provide these emission factors in terms
of gm/vehicle pass which represent PM,, generated over and above the
“background" for the paved road sampled. Table 5-2 expresses the emission
factors according to the volume of traffic entering and leaving the site
whereas Table 5-3'exbresses the same data according to type of
construction. ¢
5.2 DEMONSTRATED CONTROL TECHNIQUES

As discussed above, similar generiE open dust sources exist at both
construction and demolition sites. Therefore, similar types of controls
would aiso apply. In this section, a discussion is proviqed on the

various technigues available for‘the control of open dust sources
associated with construction and demolition. Detailed information on
control efficiency, implementation cost, etc., will be presented in
Section 5.3 below. '
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TABLE 5-2. EMISSIONS INCREASE (aE) BY SITE TRAFFIC VOLUME? " 1,‘

Sites with >25 vehicle/d

Sites with <25 vehicle/d

Particle Standard Standard _ .
size Mean, devia- Mean, devia-

fraction? X tion, o Range X tion, ¢ Range

<-30 um 52 28 15-80 19 7.8 14-28

<10 um 13 6.7 4.4-20 5.5 2.3 4.2-8.1

<z.5 um 501 2.6 1.7-708 2-2 0-88 1.6-3‘2

a

AE expressed in g/vehicle pass.

bAerodynamic diameter.

TABLE 5-3. EMISSIONS INCREASE (aE) BY CONSTRUCTION TYPE?

Commercial Residential L.

Particle Standard Standard

size b Mean, devia- Mean, devia-
fraction X tion, ¢ Range X tion, o Range
<~30 um 65 39 15-110 39 22 10-72
<10 um 16 9.3 4,2-25 10 5.4 2.8-19
<2.5 um 6.3 3.6 1.6-9.7 3.9 2.1 1.1-7.3
a

AE expressed in g/vehicle pass.

bAerodynamic diameter.
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5.2.1 Work Practice Contrpls

Work practice controls refer to those measures which reduce ejther
emissions potential and/or source extent. These will be discussed below
for both construction and demolition activities.

For construction activities, a number of work practice controls can
be applied to reduce PM,, emissions from the site. These include paving
of roads and access points early in the project, compaction or stabiliza-
tion (chemical or vegetative) of disturbed soil, phasing of earthmoving
activities to reduce source extent, and reduction of mud/dirt carryout
onto paved streets. Each of these techniques is pretty much site-
specific. However, subdivisions, for example, can be constructed in
phases (or plats) whereby the amount of land disturbed is limited to only
a selected number of home sites. Also, subdivision streets can be
constructed and paved when the utilities are installed, thus reducing the
duration of land disturbance.

Finally, increased surface Toading on paved city streets due to
mud/dirt carryout can be reduced to mitigate secondary site impacts. This
may involve the installation of a truck wash at access points to remove
mud/dirt from the vehicles prior to exiting the site or periodic cleaning
of the street near site entrances... All of these techniques require
preplanning for 1mp1ementation without substantially interfering with the
conduct of the project.

In the case of demolition'sites. the work practice controls which can
be employed are far more limited than is the case of construction.
Normally, demolition is an intense activity conducted over a relatively
short time frame. Therefore. measures to limit emissions potential or
source extent are not usually poss1b1e. The only technique which seems
feasible is the control of carryout ‘onto paved city streets. This could
be conducted by installing a truck wash and grizzly to remove mud and
debris from the vehicles as’ they leave the site. Also the use of »
freeboard over the load will reduce blow-off dust from the truck beds. It

should also be remembered that asbestos removal is also of concern at some
sites which involve additional controls not normally necessary for most
demolition activities.




As a final note, there are no quantitative control efficiency values
fdr any of the above work practices. Estimates can be obtained by a site- ,
specific analysis of alternative site preparation schemes based on the A
planned level of activity for the entire project using the emission ‘
factors provided in Section 5.1 above. For mud/dirt carryout, a
quantitative value for control efficiency could be obtained if street
surface loading data for uncontrolled (i.e., those which do not employ any
measures'to reduce carryout) and controlled sites were collected. Also,
alternative methods for reducing mud/dirt carryout could be explored by a v
properly des1gnéd study of available techniques.

5.2.2 Traditional Control Technology

In additfon to work practices; a number of open source controls are
also available for reducing PM,, emissions from construction and
demolition sites. These traditional controls are: watering of unpaved
surfaces; wet suppression for materials storage, handling, and transfer
operations; wind fences for control of windblown dust; and water injection
and filters for drilling operations. Each will be discussed briefly with
detailed information included in Section 5.3 below.

The use of water is probably the most widely ‘'used method to control
open'source emissions. However, very little quantitative data are
available on the efficacy of wet suppression for the control of fugitive
PM,o. This is especially true for materials storage and handling
operations. Some limited data are available for watering of unpaved
surfaces, but estimation of control efficiency (and thus a watering
control plan) is difficult. Those data which are available are presented

below.

It should be noted that wet suppression of unpaved surfaces using
chemical dust palliatives has not been included in the 1ist of available
controls for construction/demolition.' This is due to the fact that the
temporary nature of these operations'generally preclude'their use. The
same travel surface is not used for extended periods which is usually
required for cost-effective application of chemical suppressants. The
only possibility that might be considered is the use of hydroscopic salts
which require only one application at the beginning of the project.
Therefore, the use of chemical suppressants will not be discussed further
in this section.
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With regard to wind fences, only three studies have been identified

for this particular control technique which attempt to quantify the degree

of control achieved. . Hiﬁd fences (and other types of barriers) are
extremely cost effective in that they incur 1ittle or no operating and
maintenance costs. For this reason wind fences are an attractive control
alternative for windblown PM,, emissions.

Finally, both water injection and fabric filters have been used to
control dust generation during drilling operations. Since this is a
relatively minor source associated with construction operations, these
controls do not offer significant emissions reductions. It should be
noted, however, that drilling may be important at certain sites.

S.3 EVALUATION OF ALTERNATIVE CONTROL MEASURES

In this section, the various alternative control measures for
'fugitive PM,o at construction and demolition sites will be discussed in
some detail. Included in this discussion will be the manner in which each
technique controls emissions, methods for estimating control efficiency,
an identification of cost elements to be considered, and available cost

.estimates for each in terms of capital and operating expenditures. Each
control will be presented in the order shown previously in Section 5.2.
5.3.1 MWatering of Unpaved Surfaces C

5.3.1.1 Control Efficiency. Watering of unpaved roads is one form
of wet dust suppression. This technique prevents (or suppresses) the fine
particulate from leaving the surface and becoming airborne through the
action of mechanical disturbance or wind. The water acts to bind the
smaller particles to the larger material thus reducing emissions
potential.

The control efficiency of water{ng of unpaved surfaces is a direct
function of the amount of water applied per unit surface area (1iters per
square meter), the frequency of application (time between reapplication),
the volume of traffic traveling over the surface between applications, and
prevailing meteorological conditions (e.g., wind speed, temperature,
etc.). As stated previously, a number of studies have been conducted with
regard to the efficiency of watering to control dust, but few have
quantified all parameters listed above.
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The only specific control efficiency data which are available for
construction and demolition involve the use of watering to control truck
haulage emissions for a road construction project in Minnesota.? Using
the geometric means of the important source characteristics (i.e., silt
content, traffic volume, and surface ﬁoisture) and the regression equation
developed from the downwind concentration data, a PM;, control efficiency
of approximately 50 percent was obtained for a water application intensity
of approximately 0.2 gal/ydz/hour. '

It should be noted that truck travel at road construction sites is
only somewhat similar to travel on unpaved roads. The road bed surface is
generally not as compacted as a well-constructed unpaved road. There are
also subtle differences in surface composition. Care should be taken,
therefore, in estimating control efficiency for noncompacted surfaces.

For more compacted unpaved surfaces found in construction and
demolition sites, an empirical model for the performance of a watering as
a control technique has been developed. The supporting data base consists
of 14 tests performed in four states during five different summer and fall
months. The model is:! ' '

c-100-280d¢t (5-4)

average control efficiency, in percent
potential average hourly daytime evaporation rate in mm/h
average hourly daytime traffic rate in vehicles per hour
application intensity.in L/m?
time between applications .in h

, .

where

C
P
d
i
t

The term p in the above equation is determined using Figure 5-1 and the
relationship:

0.0049 e (annual average) (5-5a) -

P = {0.0065 e (worst case) (5-5b)
where p = potential average hourly daytime evaporation rate (mm/h)

e = mean annual pan evaporation (inches) from Figure 5-1
An alternative approach (which is potentially suitable for a
regulatory format) is shown as Figure 5-2. This figure was presented
earlier in Section 3.0.
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Figure 5-2 shows that, between the average uncontrolled moisture
content and a value of twice that, a small increase in moisture content
results in a large 1ncrease in control efficifency. Beyond this point
control efficiency grows slowly with increased moisture content.
Furthermore, this relationship is applicable to all size ranges
considered:

75 (M-1) 1 <M <2
c={ (5-6)
62 + 6.7 M 2<M<5
where ¢ = instantaneous control efficiency in percent ,
M = ratio of controlled to uncontrolled surface moisture contents
5.3.1.2 Control Costs. Costs for watering programs include the
following elements:

» Capital: Purchase of truck or other device

* 0&M: Fuel, water, truck maintenance, operator labor
Reference 6 estimates the following costs (1985 dollars):

Capital: $17,100/truck

08M: $32,900/truck
The number of trucks required may be estimated by. assuming that a single
truck, applying water at 1 L/m2, can treat roughly 4 acres of unpaved
surface every hour.

5.3.1.3 Enforcement Issues. Enforcement of a watering program would
ideally consist of two complementary approaches. The first facet would
require the owner to maintain adequate records that would document to
agency personnel's satisfaction that a regular program is in place. (See
Appendix C for a suggested recordkeeping. format. ) The second approach
would involve agency spot checks of controlled surfaces by taking material
‘grab samples.

Records must be kept that document the frequency of water application
to unpaved surfaces. Pertinent parameters to be specified in a control
plan and rigorously recorded include:

General Information to be Specified.

1. A1l travel routes to be treated referenced on a plot plan

available to both the site operator and regulatory personnel

2. Llength and area of surfaces to be watered
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3. Application intensity (gal/sq yd) and frequency (a minimum

moisture content may be specified as an alternative)
4. Type of application vehicle, capacity of tank, and source of

water C _ L
Specific Records to be Kept by Truck Operator

1. Date and time of treatment .
2. Equipment used (this should be referred back to dust control plan '
specifications) )
3. Operator's initials (a separate Operators log may be kept and
transferred later to permanent records by site operator)
4. Start and stop time, average speed, and number passes
5. Start and stop time for filling of water tank
Specific Records to be Kept by Site Operator
1. Equipment maintenance logs
2. Meteorological log of general conditions (e.g., sunny and warm
vs. cloudy and cold)
3. Records of equipment breakdowns and downtime
An example permanent record form which may be used to rgcofd the above
information is shown in Figure 5-3.
In addition to the above, some of the- regu]atory formats suggested in
- Section 5.4 require that records of surface samples or traffic counts also
be kept. A suggested format for recording surface samples is shown in
Figure 5-4. Traffic data may be recorded either manually or by automated N
counting devices.
5.3.2 Wet Suppression for Materials Storage and Handling
5.3.2.1 Control Efficiency. Wet suppression of materials storage
and handling operations is similar to that used for unpaved surfaces.
However, in addition to plain water this technique can also use water plus
a chemical surfactant or micronized foam to control fugitive PM,,.
Surfactants added to the water supbly allow particles to more easily
penetrate the water droplet and increase the total number of droplets,
thus increasing total surface area and contact potentia1.. Foam is
generated by adding a chemical (i.e., detergent-like substance) to a
relatively small quantity of water which is then vigorously mixed to
produce small bubble, high energy foam in the 100 to 200-um size range. -
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Climatlc parametars '
Application Ash. lemp. Date/anl. of Equipment Operalor
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Figure 5-3. Typical form for reco}dlng watering program control parameters,
(Sources: Unpaved surfaces, exposed areas, storage piles)
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The foam uses very little ligquid volume, and wnen applied to the surface
of the bulk material, wets the fines more effectively than untreated
water, . . .
As with watering of unpaved surfaces, the control efficiency of wet
suppression for materials storage and handling is dependent on the same
basic application parameters. These include: the amount of water, water
plus surfactant, or foam applied per unit mass or surface area of material
handled (i.e., Titers per metric ton or square meter); if not continuous,
the time between reapplications; the amount of surfactant added to the
water (i.e., dilution ratio), if any; the method of application including
the number and types of spray nozzles used; and applicable meteorological
conditions occurring onsite.

\ Wet suppression can be applied to material storage and handling
operations by a variety of methods depending on the material and how it is
being handled. For construction sites, soil and construction aggregates
may be batch transferred to or from storage using loaders or by truck
dumping. In these cases, water (with or without chemicals) could be
applied.with a water cannon or spray bar to tpe material prior to or
during load-in or load-out. Foam may be a good alternative in such:
instances when the material is handled repeatably over. the period of a
day. Foam can be applied once in the handling process (e.g., as it is
initially loaded into trucks) and the binding action of the bubbles will
carry through subsequént handling operations.

For demolition sites, water, etc., can be applied with a cannon to
wrecking operations as well as to building debris being moved (pushed)
with dozers and transferred into trucks by end-loaders. Control of
transfer operations can also be augmented using portable wind-fences to
provide a wind break to reduce dust generation and improve application of
water to the load during transfer to haul trucks. Wind fences are
discussed later in this discussion.

Avaflable control efficiency data for wet dust suppression for
materials handling and storage are practically nonexistent. However,
certain limited information was compiled by Cowherd and Kinsey which can
be used to estimate control efficiencies.!
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For suppression using plain water, the most applicable efficiency '
information available is for feeder to belt transfer of coal in mining
operations. Control efficiencies of 56 to 81 percent are reported for
respirable particulate (particles <- 3.5umA) at application intensities of
6.7 to 7.1 L/Mg (1.6 to 1.7 gal/ton), respectively. Assuming that respir-
able particulate is essentially equivalent to PM,,, the above control
efficiencies would be representative of similar controls for construction/
demolition. (The above application intensities were estimated assumiﬁg
5 min to discharge 7 Mg of coal and 1.4 L/min/spray nozzle.)

In the case of foam suppression, the most appropriate data available
are for the transfer of sand from a grizzly. Using the respirable
particulate control efficiencies at various foam application intensities
(and assuming respirable particulate is equivalent to PM,,), the following
‘equation was developed by simple linear regression of the data compiled by
Cowherd and Kinsey:!

C = 8.51 + 7.96 (A) (5-7)

where: C = PM;, control efficiency in percent
A = application intensity in ft3 foam/ton of material

A coefficient of determination (r2)'of 99.97 percent was obtained for the
above equatibn based on the three data sets used in its derivation.

An alternate approach (which is potentially suitable for regulatory
formats) involves the use of the recently developed materials handling
equation soon to be published in AP-42. This equation was presented as
Equation 5-1 above. By determining the “uncontrolled” moisture content of
the material and again after wet suppression, the control efficiency can
be determined by: ” -

CE = 100(E,-E.)/E, (5-8)
where CE = PM,, control efficiency in percent
E, = "uncontrolled" PM,, emission factor
E. = “controlled" PM,, emission factor
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The above calculations would necessitate the determination of the Amount
of water added to the material by laboratory analysis. This could be
accomplished by taking grab samples of the material before and after
application of the wet suppression technique being employed.
5.3.2.2 Control Costs. Costs associated with wet suppression
systems include the following basic elements:
e (Capital equipment:
-- Spray nozzles or other distribution equipment
Supply pumps and plumbing (plus weatherization)
Water filters and flow control equipment
Tanker truck (if used)
» Operating and maintenance expenditures:
-- Water and chemicals
-- Replacement parts for nozzles, truck, etc.
-- Operating labor
-- Maintenance labor .
Reference 6 estimates the following costs (in 1985 dollars):
* Regular watering of storage piles: .
- Initial capital cost = $18,400 per system
* MWatering of exposed areas:
-- Initial capital cost = $1,053 per acre
-- Annual operating cost = $25 to 67 per acre
The costs associated with a wet suppression system using chemical
surfactants for the unloading of limestone from trucks at aggregate
processing plants (in 1980 dollars) have been estimated at: capital =
$72,000; annual = $26,000. These costs are based on a stationary system
and may not be indicative of those used at construction and demolition
sites.
5.3.2.3 Enforcement Issues. As with watering of unpaved surfaces,
enforcement of a wet suppression control program would consist of two
complementary approaches. The first would be record keeping to document
that the program is being implemented and the other would be spot-checks
and grab sampling. Both were discussed previously above.
Records must be kept that document the control plan and its
implementation. Pertinent parameters to be specified in a plan and to be
regularly recorded include:
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General Information to be Specified in Plan

1. Locations of all.materials storage and handling operations
referenced on plot plan of the site available to the site

. operator and regulatory personnel

2. Materials delivery or transport flow sheet which indicates the
type of material, its handling and storage, size and composition
of storage piles, etc.

3. The method and application intensity of water, etc, to be applied

" to the various materials and frequency of application, if not
continuous

4, Dilution ratio for chemicals added to water supply, if any

5. Complete specifications of equipment used to handle the various
materials and for wet suppression

6. Source of water and chemical(s), if used

Specific Operational Records

1. Date of operation and operator's initials

2. Start and stop time of wet suppression equipment

3. Location of wet suppression equipment '

4. Type of material being handled and'numbe} of loads (or other
measure of throughput) loaded/unloaded between start and stop
time (if material is being pushed, estimate the volume or weight)

5. Start and stop times for tank filling '

General Records to be Kept

1. Equipment maintenance records

2. Meteorological log of general conditions

3. Records of equipment malfungtions and downtime

In addition to the above, some of the requlatory formats suggested in

Section 5.4 below require that records of material samples be kept. A
suggested format for this purpose 1s_sho&n in Figure 5-5.
5.3.3 Portable Wind Screens or Fences

5.3.3.1 Control Efficiency. The principle of wind screens or fences

is to provide a sheltered region behind the fenceline to allow
gravitational settling of larger particies as well as a reduction in wind
erosion potential. Wind screens or fences reduce the mechanical
turbulence generated by ambient winds in an area the length of which is
many times the physical height of ‘the fence.
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AGGREGATE CHARACTERISTICS

Type: Coch; Coch; iron OreD: Other

Noemingl Size: in.
Weignt Density: tons/cu. yd.
Silt Content: %

PILE CONFIGURATION

Total Volume: Ground Area acres
Average Height__________ .

Configuration:

Location within Plant Boundories:

i SEASONAL FACTORS
WINTER | SPRING | SUMMER| FALL

’ Avg. Quentity: On Hand (tons; cu. yd.)
-

! Avg. Quentity Put Through
! Storage (tons; cu. yd.)

. Avg. Duration of Storage (day:) ‘

MATERIALS HANDLING EQUIPMENT

Stetionary:

Mopile:

MITIGATIVE MEASURES
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Figure 5-5. Storage pile sampling sheet
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As stated previously, wind fences and screens are applicable to 2 -
wide variety of fugitive dust sources. They can be used to control wind
erosion emissions from'stdrage piles or exposed areas as well as providing '
a sheltered area for materials handling operations to reduce entrainment &
during load-in/load-out, etc. Fences and screens can be portable and thus
capable of being moved around the site, as needed.

The control efficiency of wind fences is dependent on the physical
dimensions of the fence relative to the source being controlled. In -
general, a porosity (i.e., percent open area) of 50 percent seems to be
optimum for most applications. Note that no data directly applicable to
construction/demolition activities were found. According to a recent
field study of small soil storage piles, a screen length of five times the -
pile diameter, a screen-to-pile distance of twice the pile height, and a
screen height equal to the pile height was found best.' Various problems
were noted with the sampling methodology used, hohever, and it is doubtful
that the study adequately assessed the particle flux from the exposed
surface. These problems tend to 1imit an accurate assessment of the
overall degree of control achievable by wind fences/barriers for large
‘open sources. - . T . )

While not entirely applicable t07constfuction/demo11tion activities,
results of a laboratory wind tunnel study were used to estimate 60 pércent
to 80 percent control efficiencies for materials handling emissions.

5.3.3.2 Control Costs. As stated above,.one of the rea1,advantagesA %
of wind fences for the control of PM,, involves the low capital and
operating costs. These involve the following basic elements: '

e (Capital equipment: :

-- Fence material and supports
-- Mounting hardware

- QOperating and maintenance expenditures:

-- Replacement fence material and hardware
-- Maintenance labor (

The following cost estimates (in 1980 dollars) were developed for
wind screens applied to aggregate storage piles:!o

e« Artificial wind quards:

-- Initial capital cost = $12,000 to 61,000
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Vegetative wind breaks:
-- Initial capital cost = $45 to 425 per tree

Due to the lack of quantitative data on costs associated with wind
screens, it is recommended that local vendors be contacted to obtain more
detailed data for capital and operating expenses. Also, since wind fences
and screens are relatively "low tech® controls, it may be possible for the
site personnel to construct the necessary equipment with less expense.

5.3.3.3 Enforcement Issues. As with other options mentioned above,
the main regulatory approach involved with wind fences and screens would
involve recordkeeping by the site operator. Parameters to be specified in
the dust control plan and routinely recorded are:

General Information to be Specified in Plan

10

2.
3.

4.

Locations of all materials storage and hand1ing operations to be
controlled with wind fences referenced on a plot plan available
to the site operator and regulatory personnel

Physical dimensions of each source to be controlled and
configuration of each fence or screen to be installed

Physical characteristics of material to be handled or stored for

" each operation to be controlled by fence(s) or screen(s)

App1icab1e preva111ng meteoro1ogica1 data (e.g., wind speed and
direction) for site on an annual basis

- Specific Operationa) Records

1.

2.
3.

4-

Date of installation of wind fence or screen and initials of
installer -

Location of installation relative to source and prevailing winds
Type of material being handled and stored and physical dimensions
of source controlled

Date of removal of wind fence or .screen and 1n1tials of personnel
involved

General Records to be Kept

1.
2.

Fence or screen maintenance record
Log of meteorological conditions for each day of site operation

5.3.4 Drilling Control Technology
-5.3.4.1 Control Efficiency. Another type of control to be discussed
is the use of water injection or fabric filters for drilling operations.
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Both of these controls are generally directly associated with the drilling
equipment when it is purchased and is an integral part of the system.

As might be expected;'water injection used on rock drills involves
the application of water eithér into the hole being drilled by a piston
pump or to a ring around the top of the hole to control dust generation.
Also, dust ejector systems equipped with small fabric filters or water
sprays use compressed air to eject dust particles from the hole into a
tube for removal from the drilled area.

At present, there are no data available for the PM,, control
efficiency associated with either system used to reduce emissions from
drilling operations. [t might be expected, however, that a fabric filter-
based‘systgu should be more efficient than wet suppression in most cases.

5.3.4.2 Control Costs. Cost elements associated with drilling
control systems are as follows:

e (Capital equipment:

.-~ Spray nozzles, pumps, and distribution plumbing for wet
suppression system
-- Air compressor, air lines, and filter components for dry
‘ ejection system ‘ .o
-- Water filters and flow control equipment, as required
-- Water tank, if needed
« QOperating and maintenance expenditures:
-- Water and chemicals, if used
-- Replacement bags, etc. for dry systems
-- Replacement parts for nozzles, pumps, etc.
- Operating labor
-- Maintenance labor

Jutze et al. estimate the following costs (in 1980 dollars) for
drilling operations in aggregate proéessing facilities:to

e ‘Water injectidn systems: :

-- Initial capital cost = $4,700
e Dust ejectidn to fabric filter:
-- Initial capital cost = $14,600
Specific cost data should be obtained from manufacturers relative to the
capital costs associated with the above systems to update the above. No
information is available at present for 0&M costs for such systems.
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5.3.4.3 Enforcement Issues. As with the other methods discussed
previously, the regulation of drilling emissions would involve at least
some recordkeeping as part of the overall emissions control plan for the
site. The parameters to be specified in the plan and subsequently
recorded by onsite personnel include:

General Information to be Specified in Plan

1. Location of all drilling operations to be conducted referenced to
a plot plan of the site available to the site operator and '
regulatory personnel
2. Schedule for all drilling operations to be conducted onsite,
number of holes to drilled, equipment used and hours of operation
3. Complete specifications of drilling and dust contro?l equipment
for each rock drill to be used .
4. Amount of water to be used per unit time for wet systems or
airflows for dry systems
5. Source of water and chemical(s), if used, and tank(s)
capacity(ies)
Specific Operational Records .
‘1. Date of operation and operator's initials
2. Start and stop time of drilling and control equipment
3. Number of holes drilled between start and stop time
4. Start and stop time for tank filling
General Records to be Kept
1. Equipment maintenance records
2. Meteorological log of general conditions
3.. Records of equipment malfunctions and downtime
Because of the relatively confined nature of drilling operations,
regulatory formats different from those discussed previously may be
possible. For example, opacity as a measure of performance could be a
viable approach. This is discussed further in Section 5.4 below.
5.3.5 Control of Mud/Dirt Carryout
5.3.5.1 Control Efficiency. Mud and dirt carryout from construction
and demolition sites often accounts for 4 temporary but substantial
increase in paved road emissions in many areas. Elimination of carryout
can thus significantly reduce increases in paved road emissions.
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At present, the efficacy of various methods to prevent or reduce
mud/dirt carryout have not been quantified. These techniques include both
methods to remove material from truck underbodies and tires prior to ( g
leaving the site (e.g., a temporary grizzley with high pressure water )
sprays) as well as techniques to periodically remove mud/dirt carryout
from paved streets at the access point(s). The following method has been
developed, however, to conservatively estimate the reduction in mass
emissions due to carryout using the data contained in Reference 6.

As noted earlier, quantification of control efficiencies for . -
preventive measures is essentially impossible using the standard
before/after measurement approach. The methodology described below
results in conservatively high control estimates in terms of emissions
prevention. That is, the control afforded cannot be easily described in
terms of a percent reduction but rather is discussed in terms of mass
emissions prevented. Furthermore, tracking of material onto a paved road
results in substantial spatial variation in loading about the access
point. This variation may complicate the modeling of emission reductions
as well as their estimation. : '

- For an individual access point from a paved road to a typical -
" construction or demolition site, let N represent the number of vehicles
entering or leaving the area on a dai1y'basis. Let E be given by:
5.5 g/vehicle for N < 25 _ \_,,

£=t 13 g/vehicle for N > 25
where E is the unit PM,, emission increase in g/vehicle pass (see
~ Section 5.1). Finally, if M represents the daily number of vehicle passes
on the paved road, then the net daily iemission reduction (g/day) is given
by ExM, assuming complete prevention.

The emission reduction calculated above assumes that essentially a]]
carryout from the unpaved area is either prevented or removed periodically .
from the paved surface and, as such, is viewed as an upper limit. In use,

a regulatory agency may choose to assign an effective level of carryout
control by using some fraction of the E values given above to calculate an
emission reduction. . .
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Finally, field measurements of the increased paved silt loadings
around unpaved areas may also be used to gaugé the effectiveness of
control programs. A discussion of ‘this is found in Section 2.4.

5.3.5.2 Control Costs. The individual cost elements associated with
the prevention of mud/dirt carryout will vary with the method used. For
traditional street cleaning, the costs elements discussed in Section 2.0
would apply to construction and demolition sites as well. In this case,
however, only the amount of surface to be cleaned .would be limited to ‘the
area(s) near access point(s). For an onsite grizzley/water spray system,
the cost elements are as follows:

¢ Capital equipment:

-- Grizzley, catch basin, and clarifier (as needed)

-- Spray nozzles, pumps, and distribution plumbing

-- Water tank, filters, and flow controllers, as required
* Operating and maintenance expenditures:

-- Water and replacement nozzles, plumbing. etc.

-- Removal of wastewater or residues, as required

-- Operating labor

- Mainteﬁance labor

At present, no cost data are available for the prevention of mud/dirt
carryout.

5.3.5.3 Enforcement Issues. As with some other techniques, two
complimentary approaches can be used for enforcement of mud/dirt carryout
control. These are recordkeeping and grab sampling. The later would
include the sampling of the paved surface loading near access points to
determine the level of prevention being achieved by the method(s)
employed. Surface sampling is discussed in more detail above.

Adequate records must be kept to document the types and level of
preventative measures being taken to control mud/dirt carryout from the
site. Appropriate parameters to be specified in the control plan and
rigorously recorded are:

General Information to be Specified

1. A detailed plot plan available to both the site operator and

regulatory personnel showing site access points and impacted
paved city streets.
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Details on the control method to be applied at each access poiht

including the, amount and types of vehicles entering and exiting

the site on a daily basis at each. ( E
For mitigative control techniques (i.e., surface cleaning), a
description and schedule for implementation of the control method
to be employed (see Sectfion 2.0 above).

For preventive control techniques (e.g., onsite grizzley),
specifications on the type(s) of equipment to be used and
operation and maintenance of the system. -
Source of water, if used. '

Specific Records to be Kept by Site Operator (Mitigative Controls)

1.
2.

Date of cleaning operation and operator's initials.
Other applicable cleaning parameters as specified in Section 2.0

above.

General Records to be Kept

1.
2.
3.
In
Section

Equipment maintenance records.

Meteorological log of general conditions.

Records of equipment malfunctions and downt ime.

addition to the above, some of the reQuIaiory'formatslsugggsted in
5.4 require that records of material samples also be kept. A

suggested format for this purpose has been shown previously in

Section

2.4. . - L 99

5.4 EXAMPLE DUST CONTROL PLAN

To

illustrate the development of an appropriate dust control plan for

construction and demolition sites, Figure 5-6 provides example calcula-
tions for the demolition of a 167,200 m2 (200,000 ft2) bu%lding located on
a one acre site in an urban area. These calculations include the
determination of uncontrolled PM,, emissions, methods used for control,
and demonstration of the adequacy of the various methods to achieve a
target control efficiency of 90 percent.

5.5 POTENTIAL REGULATORY FORMATS

In

this section, regulatory formats will be discussed relative to the

control of fugitive PMlo emissions at construction and demolition sites.

This section discusses a permit system, recordkeeping, measures of control -
performance, and enforcement as well as an example rule which implements
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 Source Description:
167,200 m2 (floor .space) building on a one acre site
1 access point to a paved city street (2,000 ADT)
30 vehicles/day removing building debris
.30 days project duration

 Assumptions: _
No detailed data are available for debris removal activities
No dozing will be performed onsite
Negligible exposed areas
8 h/day operation

» Calculation of Uncontrolled Emissions:
From Section 5.1.2 the uncontrolled PM;, emissions from

dismemberment, debris loading, and onsite traffic are calculated
as:

EpLr = (Ep + E_ + E7) kg/m2 x m2 floor space

= (0.00025 + 0.0046 + 0.052) kg/m> x 167,200 m2

= 9.5 Mg PMlO
For mud/dirt carryout from haul trucks entering and leaving the site, the
mean increase in paved road emissions is calculated using Table 5-2 for
sites with greater than 25 vehicles/day:

Eﬁn = 13 g/vehicle pass x 2,000 vehicies/day x 30 days
= 780 Mg PM,, emissions

Therefore, the total emissions over the duration of the project
are: . :

Er = EpL7 + Eyp = 9.5 Mg + 780 Mg
= 789.5 Mg total PM,, emissions
* Target Control Efficiency: 90* '
* Methods of Control: '
-- Wet suppression of debris handling and transfer (6.7 L/Mg
application intensity)

-- Watering of unpaved travel surfaces (2 L/m2/h application)
~-- Broom sweeping/flushing for removal of mud/dirt carryout

Figure 5-6. Example PM,, control plan for building demolition.
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o Demonstration of Control Program Adequacy:

As stated in Sectfon 5.3.2.1, an efficiency of 56% is typical for t
wet suppression of debris transfer. Thus, the controlled o
emissions would be:

EcL = 0.0046 kg PM,o/m? x 167,200 m2 x (1 - 0.56) = 0.34 Mg PM,g .

Using water for dust control from unpaved surfaces, Equations 5-4

and 5-5 as well as Figure 5-1 will allow calculation of controlled

emissions (assuming the site is located in Los Angeles,

California): .

p = 0.0049 e = 0.0049 (60 inches) = 0.29 mm/h
and
C = 100 - o.aigdt
= 100 - 0.8(0.29%(30(8)(;)

= 99,.6%
Therefore, the controlled PM,, emissions for haul truck traffic
would be: .

Eer = 0.052 kg/m? x 167,200 m2 x (1 - 0.996)
= 0.035 Mg PM,, from haul trucks
Finally, for removal of mud/dirt carryout using a combination of
broom sweeping and flushing, no prevention efficiency data are
available. However, if it is assumed that the emissions increase : .
on the paved road for this source is reduced by 90 percent, Ecyp =
78 Mg PM,, from mud/dirt carryout (see Section 5.3.5.1).

From the above calculations, the overall reduction in PM,, due to
the various controls employed would be:

Ec = EcL + Ect + Ecvp
= 0.34 + 0.035 + 78

= 78 Mg PM  after control

Figure 5-6. (continued)
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Thus,

- E:
CE-—E—-C—Tx 1oox-7ﬁ;-§9'—'5ﬁx 100 = 90.1%

~ As shown, the target control efficiency of 90 percent has not only
been achieved but exceeded.

Figure 5-6. (continued)
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the permit system.. Example regulatory formats are provided for the
following sources associated with construction/demolition: unpaved: roads,
haul roads, disturbed soil, mud carryout. These example formats provide a
starting point for development of construction rules in a specific area.
5.5.1 Permit System

The first regulatory approach involves the implementation and
enforcement of a permit program for construction and demolition sites.
This has been used to some extent in the Denver metropolitan area for.
large construction projects and offers promise as a general regulatory
format.

A permit system would require the site owner or operator to file an
application with the appropriate regulatory agency having jurisdiction.
This permit application would include the specific dust control plan to be
implemented at the site which would involve the individual elements
discussed in Section 5.3. '

The air permit for construction and demolition sites would be coupled
to the standard building or demolition permit process whereby no permit to
conduct such activity would be issued by the county or city until such
time that the air permit is approved. To reduce ;he burden of processing
large numbers of such permits, a de minimus level would be established
whereby construction and demolition projects below a certain cut-off size
would not require an air permit. This de minimus level would depend on
tocal factors such as the amount of emissions reduction required to meet
the applicable PM;, NAAQS. For the sake of further discussion, 2
de minimus level of <25 vehicles entering and leaving the site per day for
construction was used to determine the emissions increase associated with
mud/dirt carryout and thus might be used for this purpose.s

As part of the permit application, recordkeeping should be one of the
main conditions for approval. Records of site activity and control should
be submitted to the regulatory agency on a monthly basis as indicated

above. These records must be certified by a responsible party as to their .

completeness and accuracy. A1l site records should be maintained by the
local agency for the duration of the project.

To enforce the dust control plan submitted as part of the permit
application, field audits of key control parameters should be made by
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regulatory personnel. The results of these audits would then be cbmpared
to site records for that period to determine compliance with permit
conditions. If diffgren&es'are found between application of the
control(s) observed onsite and those recorded by site operating personnel,
this would constitute a violation and would be grounds for further
enforcement action. An example form to be used by regulatory personnel
during inspection of the site is shown in Figure 5-7. To illustrate this
process an abbreviated example will be given. ‘

Assume a large demolition project consisting of the demolishing of a
block of buildings is to be conducted in a large metropolitan area. The
site dust control plan calls for watering of all truck routes to and from
the active demolition every two hours as well as cleanup of mud/dirt
carryout from the access point on a twice daily basis. Also, watering of
debris during demolition and load-out to haul trucks is to be conducted on
days without measurable rainfal]} An agency inspector observes the site
activity from the public street for a period of 3 hours. During this
period, no water truck {is observed to be in operation and debris are not
. watered prior to loading into trucks. '

At the end of the month, the inspector checks the submittal from the
site operators and finds start and stop times. for the water truck operator
which indicates operation during the observation period. The inspector
also notes that the water cannon used for debris control was broken down
and was in a repair shop. It is clear from this analysis that the
operator is in clear violation of the dust control plan for watering of
unpaved surfaces. In this case, a citation or other enforcement action
could be taken against the site operator.

As noted by the above example, no quantitative data are required for
enforcement of the dust control plan. This eliminates the need for a set
performance standard (e.g., opacity 1imits) against which the site
operator is evaluated. This approach is, however, predicated on the fact
that strict impiementation of the dust control plan will achieve certain
reductions in PM,, emissions associated with site operation.
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2.

3.

9.

10.
11.

Type of construction activity (check one)

a. Residential
b. Commercial —
c. Industrial

Additional description (i.e., multi unit, residential or suburban
commercial, etc.)

How long have you worked at this
location?

Note: In the case of a multi-year project, we are only interestad in
the current season.

How long is the job projected to
last? _

What percentage of the work is completed,
percent? :

What construction,ﬁctivities are you currently performing?

what construction activities have you been performing over the past
week to 10 days?

what is the construction activity's source extent which is currently
being performed (e.g., tons of earth moved/day or yards of concrete
poured/day)? - :

Estimate the number of daily vehicle passes through the site eﬁfrahce
(check 1). .

What types of vehicle enter the site daily and what percentage of the
traffic is of each type?

Vehicle type " Percent

a. Cars '

b. :1§§upsévgnst ‘
c. Medium duty trucks ;

d. Other

Do you employ control measures to keep dust down? If yes, what type?

L]
—————————

What 1§ the usual frequency:and 1htensity of application? When was
the most recent application?

Figure 5-7. Questionnaire for construction site personnel.
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5.5.2 Opacity Standards

Another regulatory format which could be used is the use of visible
emissions (i.e., opacity) as a semiquantitative measure of the performance
of the dust control measure being employed. One state, Tennessee, has
developed a formalized procedure for reading and recording of visible
emissions (VE) from fugitive sources which is the basis for enforcement of
a VE standard. ,

The use of visible emissions for determination of compliance for
fugitive dust sources has been discussed previously in this document and
thus will not be belabored here. In general, fugitive sources are
extremely diffuse in nature and the plume generated is dependent on a
number of factors including wind speed and the physical dimensions of the
source. Therefore, it is difficult, if not impossible, to derive even
semiquantitative relationships between particulate mass and visible
emissions for most source types and thus a measure of control performance.

There is one particular source at construction sites where observa-
tion of visible emissions might be used with some degree of confidence as
an enforcement tool. This source is rock drills which emit dust from one
confined area (i.e., the hole being drilled) and thus might be’ considered
as a point emissions source under traditional definitions. Additional .
work will be necessary, however, to determine appropriate visible emis-
sions limits for rock dr111s based on the control techniques currently
available.

§.5.3 Other Indirect Measures of Control Performance

The final regulatory format to be presented in this section relates
to various indirect measures of control performance. These could be used
in conjunction with or in lieu of the other approaches discussed above.
They will, however, require more effort and expense to implement but
should be at least somewhat defensible as measures of control efficiency.

The most obvious approach to indirectly measuring control performance
involves the collection and analysis of material samples from var1ous
sources operating onsite. For mud/dirt carryout, collection of surface
samples at site access points and analysis of these samples for silt con-
tent ‘'would indicate the efficacy of control for this particular source.
The silt loadings obtained could be compared with “typical® surface
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loading values for similar uncontroi1ed sites to determine the degree of
loading (and thus emissions) reductions achieved. This would, of course,
necessitate the availability of a data base of syncontrolled” silt load-
ings due to mud/dirt carryout for a wide variety of construction and demo- ' (
lition sites for comparison with site-specific data. An example form to
be used for collection of paved surface loading samples has been provided
previously in Section 2.4 above which has been reproduced as Figure 5-8. . .
Another indirect measure of control efficiency is the collection and
analysis of material samples from unpaved surfaces and materials handling
and storage operations. In this case, analysis of the moisture content of
these samples would indicate the amount of water applied and thus the
degree of control achieved by wet suppression. Appropriate equations pre-
sented in Section 5.3 would be used to determine control efficiency based
on the sampie data.
5.5.4 Example Rule
The following is a discussion of an exampie regulatory format for
construction activities. A more detailed discussion is presented in
Appendix G.
5.5.4.1 Conditions for Construction.

Conditions .for Construction: No person shall engage in any
construction-related activity at any work site unless all of the
following conditions are satisfied:

(1) Dust control implements in good working condition are available
at the site, including water supply and distribution equipment *;
adequate to wet any disturbed surface areas and any building .
part up to a height of 60 feet above grade.

(2) A dust control plan is approved by the APCO which demonstrates
that an overall x percent (e.g., 75 percent) reduction of PM;4
emissions from construction/demolition and related activities
will be achieved by applying reasonably available control mea-
sures. Such measures may include, but need not be limited to,
the following: application of water or other 1iquids during
dust-producing mechanical activities including earth moving and
demolition operations; application of water or other liquids to
or chemical stabflization of, disturbed surface areas; surround-
ing the work site with wind breaks to reduce surface erosion; ’
restricting the access of motor vehicles on the work site;
securing loads and cleaning vehicles leaving the work site;
e:cl:;égg spraying operations; and other means as specified by
the .
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(3) The owner and/or operator is in possession of a currently valid
permit which has been issued by the APCO. (Example permit
attached, see Figures 5-9 and 5-10).

5.5.4.2 Control Mud/Dirt Carryout.

Street Cleaning: No person shall engage in any dust-producing
construction related activity at any work site unless the paved
streets (including shoulders) adjacent to the site where the con-
struction-related activity occurs are cleaned at a frequency of not
less than x (e.g., once) a day unless, :

(1) vehicles do not pass from the work site onto adjacent paved
streets, or

(2) vehicles that do pass from the work site onto adjacent paved
streets are cleaned and have loads secured to effectively pre-
vent the carryout of dirt or mud onto paved street surfaces.

The measures used to clean paved roads may include, but are not

1imited to: water flushing, vacuum sweeping, and manual cleaning of the
access point.

§.5.4.3 Control of Haul Road Emissions.

Construction Site Haul Roads: No person shall allow the operation,
use, or maintenance of any unpaved or unsealed haul road of more than

x (e.g., 50) feet in length at any work site.engaged in any construc--

tion-related activity, unless no more than x (e.g., 10) vehicular
trips are made on such haul road per day and vehicular speeds do not
exceed x (e.g.,10) miles per hour. '

5.5.4.4 Stabilize Soils at Work Sites.

Stabilization of Soils at Completed Work Sites: No owner and/or
operator shall allow a disturbed surface site to remain subject to
wind erosion for a period in excess of x (e.g., 6) months after
initial disturbance of the soil surface or construction-related
activity without applying all reasonably available dust control mea-
sures necessary to prevent the transport of dust or dirt beyond the
property line. Such measures may include, but need to be limited to:
sealing, revegetating, or otherwise stabilizing the soil surface.

5.5.4.5 Record Control Application. The owner and or operator shall

record the evidence of the application of the control measures. Records
shall be submitted upon request from APCO and shall be open for inspection .
during unscheduled audits.

5.5.4.6 Modification of Permit Provisions
The.provisions of this permit may be modified after sufficient

construction is completed by the mutual consent of the APCO and the
permittee; or, by the APCO if it determines that the stipulated controls

5-38

[ 2N

-



THIS PERMIT WILL BE PROMINENTLY DISPLAYED IN THE
ONSITE CONSTRUCTION OFFICE

Location: No. of Acres:
Name of Project:

PERMITTEE: Telephone No.
Address:

Prime Contractor: ’ Telephone No.
Subcontractor: Telephone No.
Issue Date of Permit: Expiration Date of Permit:
PERMIT NO: FEE $ RECEIPT NO.

THE PERMITTEE SHALL COMPLY WITH THE FOLLOWING CONDITIONS:

1. (Reference to local APCD regulation for construction/demolition-
- related activities)

2. The PERMITTEE is responsible for dust control from commencement of
project to final completion. Areas which will require particular
ATTENTION:

a. Unimproved access roads used for entrance to or exit from
construction site.

b. Areas in and around building(s) being' constructed. '

.¢. Dirt and _mud deposited on adjacent improved streets and roads.

3. If wind conditions. are such that PERMITTEE cannot control dust,
- PERMITTEE shall shut down operations (except for equ1pment used for
~ dust control). :

4. The PERMITTEE is responsible for ensuring his contractor(s) and/or
subcontractor(s) and all other persons abide by the conditions of the
permit from commencement of project to final completion.

5. The PERMITTEE also is subject to compliance with all applicable State,
county, and local ordinances and regulations. Issuance of this permit
shall not be a defense to violation of above-referenced statutes,
ordinances, and regulations.

6. Onsite permit conditions (attached)

Air Pollution Control Division (date)

Figure 5-9. Example dust permit.
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ONSITE PERMIT CONDITIONS

Application
Condition Source Minimum . level (frequency Reporting
number category control efticlency Control measure amount, efc.) Recor dkeepling requirements
6a. te.g., unpaved (e.g., B0 percent) (e.g., chemical stabi- (e.g., sulticlent (e.g., log ot salt Records submitied
roads) 11z2ation, 39 percent to matntaln an solutlon and upon request (in
calt In water and average surface suppiemental writing) -end
supplemental water- moisture content water voluse, open for inspec-
ing) e ol 2 times the time, and date) tion dyring un-
the offroad soll : scheduled
molsture) sudits)

%0ther source categories that also could be regulated with permit conditions Incliude open aress, grading, streets, and haul
frucks.

ot-s

"Figure 5-10. Example permit for construction/demolition ﬁctlvities.
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are inadequate. Deviations from the dust control plan (e.g., increased
source activity) may result in modifications to the permit.
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